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There is a need for a fast method of analyzing bathythermograph
traces and this need is approached by the means of a high-speed digital
computer. The theory behind the computer program is outlined. Both
synthetic and real data cases are run as examples using both data card
decks and magnetic tape inputs. The program has been designed to read
digitized bathythermograph traces and then analyze them objectively by
Gaussian and non-Gaussian methods for the top, center, and base of the
main thermocline. Additionally, such features as multiple thermoclines,
inversions, and thermal transients are identified also and their key



















C. The Gaussian Thermocline
D. The non-Gaussian Thermocline





A. Data Deck Input
B. Magnetic Tape Input
Computer Program Operation
Output from Computer






II. Objective Thermocline Analysis Program
III. Write-up of "DRAW" subroutine






























1. Gaussian thermocline and its frequency function 16
2. A non-Gaussian thermocline 21
3. Normal and expanded scale transient 22
4. Triple thermocline 25
5. Typical BT trace with an inversion 26
6. Data deck assembly and card format 29
7. Hand drawn thermal curve (after Tully 1963) 37
8. Example of output for real data curve 38
9. Typical inversion (from Boston 1966) 39
10. Example of output from inversion 40
11. Hand drawn bathythermogram 41
12. Example of output for multiple thermoclines 42




m Median of a Gaussian thermal distribution
n Any positive integer
T Temperature (degrees Celcius or Farenheit)
T, Temperature at the bottom of the thermocline
bt
T Lowest temperature read off bathythermograph trace
o
T(0) Temperature at sea surface
T. First temperature read off bathythermograph trace
T nth temperature read off bathythermograph trace
n
T(-oO ) Temperature at the base of the lower isothermal layer
T Temperature of the mixed (upper isothermal) layer
T(Z) Temperature as a function of depth
T
.
Minimum temperature in inversionmm
Z Depth (feet or meters corresponding to units of T)
Z, Depth of the mixed (upper isothermal) layer
b
Z Depth of the center of the thermocline
Z . Depth of the center of the first thermocline
when multiple thermoclines exist
Z - Depth of the center of the second thermocline
when multiple thermoclines exist
Z Depth of the mixed (upper isothermal) layer
and equal to Z,
b
Z(T ) Depth at which temperature T is found
n n
Z(T ) equals 1/2 [Z(T ) + Z(T ..)]n l n n+l
Z <T




double notation used when more than one depth has the
same temperature; the j refers to the order in which
the depths are encountered from the surface to the last
temperature read
Depth of the upper boundary of an inversion
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Since the introduction of the bathythermograph by Rossby and
Montgomery (1934), and its further modification and perfection by
Spilhaus (1938), there has been almost continuous thermal structure
information funneled into the various collection agencies which has
been handled manually under procedures outlined by LaFond (1951).
This data collection has resulted in vast numbers of bathythermograph
slides that have been noted, and then stored away for future analysis.
In more recent years bathythermograph data has been stored on aperture
cards, using techniques similar to those suggested by Sauer (1964).
The Canadian Oceanographic Data Center, Scripps Institution of Oceano-
graphy, and the Fleet Numerical Weather Central, Monterey, California,
have further modified this procedure by a method similar to that sug-
gested by Sauer and Hope (1967), where a device has been invented which
will take incoming bathythermograph slides and convert them directly to
digitized data format. This system described by Sauer and Hope (1967)
consists of taking the grid/slide combination and transferring it to an
aperture card by means of the BT Processor, a modified 3M Processor
Camera. It has the advantage of preserving the original analog trace.
The aperture card is then fed through a hopper device directly into a
Caps Jeffree projector with a D-MAC curve-follower unit. The time re-
quired for this unit to process one bathythermogram trace is approxi-
mately 45 seconds with a claimed accuracy of 1.0% of the full depth
range and 0.1 degrees Farenheit. After exhaustive testing at the
Naval Hydrographic Office as described by Stewart (1963) Sauer and
Hope (1967) of the Canadian Oceanographic Data Center felt this degree
of reliability in fact was not approachable. Accordingly, they
converted their system to record temperature to a minimum of every 0.1 de-
grees Celcius and to the nearest whole meter.
Papers by Tully (1961, 1964) show that there are certain features
which must be identified in order to classify a bathythermograph trace.
Tully states that these few parameters can be used to identify the thermal
structure in any area of the ocean. Among these features is a potentially
isothermal layer, which may or may not contain transients. There is a
seasonal thermocline, in which the gradients may be regular or irregu-
lar. Below this layer is a sub -thermocline layer in which the gradients
are less than in the thermocline. Superimposed on these features are
various types of short term fluctuations which possess varying degrees
of significance, such as temperature inversions.
Tully (1964) suggests in this same paper that the thermal structure
can be defined by the following features:
(1) Surface Temperature .
(2) Potential Layer Depth . This figure includes the average
depth to the top of the thermocline, plus any modifications due to inter-
nal waves, etc.
(3) Depth to the Bottom of the Thermocline .
In many oceanic areas this depth has an associated distinct tempera-
ture minimum and therefore is very definitive. In areas like the
tropics it is usually not a significant feature.
(4) Thermal Magnitude of Thermocline . To researchers this
may be a very significant feature, because it can signify a boundary
to restrict fish movement, water mass mixing, etc.
(5) Other Less Definable Features . There are other parameters
that may be considered, like the location of temperature minimum in a
thermal inversion, mixed layer depth, etc. These features cannot be
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fitted easily into a generalized machine processing format for ready
identification. They are not common features, and may have special
variables that depend solely upon the area of the ocean being investi-
gated, or upon the season of the year.
As Boston (1966) states, "until the information on bathythermograph
slides can be conveniently analyzed by machine, much information about
the thermal structure of the upper layers of the ocean is quite likely
to remain hidden in an ever growing mountain of smoked and/or gold film
glass slides, photographs of same, or punched cards." Two distinct
problems arise: (1) the digitizing of the bathythermograph data to a
form that can be processed by high-speed computers and data handling
systems; and (2) specification of a program that will take this digi-
tized data and process it for use in oceanographic research; the pro-
gram needs the generality to be able to handle any shape trace, and flexi-
bility so that further routines may be added or subtracted at will with-
out destroying the basic integrity of the program. As we have seen,
some progress is being made in the handling of the first problem.
The second problem is the topic of this thesis; the objective
analysis of digitized bathy thermogram traces. The standard features
as suggested by Tully (1964) are identified and printed out in a concise
informative way. One or two additional features, like the identifica-
tion of thermal inversions and transients, are included in an attempt
to show that further features may be added to this program according to
the requirements of the individual user.
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2. Method of Analysis of Thermal Structure .
There will be two separate analytical methods developed for handling
the objective analysis of the thermal structure. In his technical paper,
Boston (1966) suggested the following two methods, on which this thesis
is based. One method consists of a Gaussian temperature structure being
assumed for the thermal parameter discussed. The second method is a
common finite difference method, utilized to find inflection points in
the various trace slopes.
A prerequisite to both methods is that the data from the original
analog bathythermograph trace be reduced to an ordered set of depths
read at some predetermined temperature interval. From this ordered set,
the thermal structure can be defined objectively in terms of certain pri-
mary and secondary features. Both methods require only the first and
second finite differences with depth; therefore only data from depths
corresponding to some constant thermal interval (conveniently 0.5 to 1.0
degrees) are required to handle the analytical technique. However, it is
convenient to include temperature data corresponding to these points, as
in the computer output there are locations where information as to the
thermal magnitudes are as important as the spacial magnitudes.
Thermal structure, as defined in this thesis, is the relationship of
the temperature, T, to depth, Z, as a function of time and position.
Furthering earlier ideas, Tully (1964), Tully and Giovando (1963), and
Uda (1963) show in their papers that the thermal structure changes with
season, latitude, and even oceanic region. However, Tully (1964) also
suggested that the number of different features for a given application
is small. Section A considers those features common to most oceanic
regions within the upper 300-400 meters of the ocean. Section B considers
those features that are of major concern in such fields as antisubmarine
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warfare, biological forecasting, and fisheries that are not discussed
or included in Section A.
A. Primary Features:
The primary features as suggested by Tully (1964) and Boston (1966)
consist of several convenient parameters; (1) surface temperature, (2)
depth of potential layer depth (upper isothermal), (3) depth of the
bottom of the thermocline, and (4) magnitude of the thermocline.
The potential mixed layer is that as defined by H. 0. Pub SP-105,
Vol 5, and is considered to be isothermal, although this "isothermal"
region accepts small positive or negative gradients up to 0.3 degrees
Farenheit per hundred feet. The termination of this nearly-isothermal
layer is usually abrupt enough to clearly mark the region where the
thermocline or other feature takes place. The depth of the mixed layer
will be defined as Zi the top of the thermocline. Likewise, Zl^l the
base of the thermocline, can be considered the top of the lower nearly-
isothermal area.
Once the top and bottom of the thermocline have been defined, with
It as the temperature at 2-j. , and I b£_as the temperature at ^^V »
the definition of the magnitude of the thermocline is
AT = Tt -Tbt (i)
B. Secondary Features
The secondary features are usually considered as time varitions in
the primary features of Section A, and can occur at any point in the
vertical water column being considered.
1. Transients
The term transient will be defined here as referring to short term
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fluctuations of the thermal structure. It is usually the result of wind
mixing, and vanishes over a period of a day or more. The program pro-
duced for this thesis will recognize these transients, assuming that
these thermal transients take the usual form of small but sharp gradients
that appear as irregularities on the main thermal structure. Transients
are often found in association with the well known "afternoon effect."
This program will aid in the verification of the prediction methods out-
lined by Tabata and Giovando (1962).
2. Multiple Thermoclines
Heating and wind mixing conditions can also produce more than one
stable thermocline. The growth of two stable thermoclines has been well
documented by Tully and Giovando (1963). The occurrence of these multiple
thermoclines is sufficiently common and vital to underwater acoustic pre-
diction systems that they merit identification.
3. Inversions
Inversions are a common oceanic feature, an example of which has
been described by Roden (1964), and must be identified if one is to ac-
curately predict underwater sound transmission. The thermal inversion
takes form when the temperature below the main thermocline (below Zfc>t)
decreases with depth to a minimum, then increases markedly, and finally
decreases again, but now usually at a more reduced rate than the first
decrease. These thermal features are of extreme interest in underwater
communications as the point of minimum temperature in this thermal
structure forms the axis of a "sound channel" formed by the thermal bend-
ing of acoustic rays by this inversion.
The following methods will be used to identify these primary and
secondary features within the computer program designed for this thesis.
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C. The Gaussian Thermocline
A gaussian, or normal, distribution (see Figure 1) of temperature,
T, as a function of depth, Z, is given by
T(Z) =
_L_ e dZ (2)
whose corresponding frequency function is
dial z 4=. € <3>
If the distribution function is T
\
cL~ V(\ \ , where G~ greater than and
V cr J
m are constants, then the frequency function becomes
djT(z) - \ - e -** (4)
dZ crfi™
The function described by (4) has the following characteristics:
(a) it is symmetric about Z m,
(b) it has two symmetric points of inflection at
'Z—ta*. & , and
(c) it has a maximum rate of change at 2 s ^!Cr|5
A change in the numerical value of m causes a displacement of the curve
in the vertical direction, Z, but does not alter the form of the curve.
A change in O" has the effect of altering the scale of both coordinate
axes. The smaller the value of CT , the more concentrated the curve is
about the point Z = m„ If the water surface is defined as Z = 0, and the






is the function defining the vertical temperature distribution. The
center of the thermocline, or the center of the curve of the llfcJjQOj
distribution, is at
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Fig.1 Gaussian thermocline and its frequency
function (first derivative)
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Z =Z C = -w (6)
The top and bottom of the thermocline are then defined as being located




Zt = -m + a-JT (7)
^bt* "^ ~ ^^ (8)
which are illustrated in Figure 1.
The handling of bathythermograph data leading to the application of
results (6), (7), and (8) is very simple, since values of m and O" may be
computed directly from the (t,Z) distribution curve. Consider the first
two moments of the (T,Z) curve about the origin, Z=0, whereby the (nth)
moment of the curve about the origin is meant the mean values of Z^
defined as Z > where n is a positive integer. Then with the normal
curve, the first moment is identical with the center of the thermocline:
2c = ZCrt dT (9)
Ttol -T(-oo) kk»)
where T(0) is the temperature at the surface Z = and T (-oo) is the
temperature at the bottom of the lower isothermal layer which, in this




Z z clT do)
2
can be used to compute CT , since the variance, 0" » is given by
17
In practice, several simplifications are possible. The temperature T (-co)
is measured at the bottom of the bathythermograph cast. The differentials,
dT, become finite differences, &T t and the integrals are replaced by sum-
mations. If the depths of the temperatures are read at one degree intervals,
for example, then the T's can be replaced by unity.
One must remember that although integration is a continuous process,
the less accurate summation over finite intervals is not. The larger the
interval, the less accurate is the summation. The working value of sigma,
as computed by the routine, cannot exactly equal the correct value obtained
from integration over the normal curve. Thus equations (7) and (8) must
be modified by some weighing factor depending upon the temperature inter-
val chosen. Allowing this factor to be defined as, sk, equations (7) and
(8) become
2.^. - -nr\ + skjar (7A)
2bt ~ -m - skJa (8A)
where a temperature interval of 0.5 degrees gives sk equal to 1.47 and a
temperature interval equal to 1.0 degrees gives a value for sk equal to
1.30.
In summary, the objective definition of the top, bottom and center
of a Gaussian thermocline requires only readings of (a) surface temperature,
(b) bottom temperature, and (c) depths at some constant pre-chosen tempera-
ture interval.
The center of the Gaussian thermocline is
\?-,,T \ (12)
zt - zcrjj. * —4-— ) z(t„v
1 1
- I bt (—»
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Since






cr* - 2TU1 - Zc1 (14)
The top and bottom of the Gaussian thermocline readily follow from (7A)
and (8A).
One problem remains" the decision as to whether or not a normal
distribution exists; lacking this distribution, the inaccuracies built
into this process are not tolerable. This determination can be accomp-
lished by computation of the third moment. However, in the following
section it is apparent that this computation is not necessary.
D. The non-gaussian Thermocline
The analysis of the more common type of thermal structure, the non-
gaussian thermocline, requires the computation of finite differences on
Z(Tn). The first finite difference will be defined as
taCTn) - ZCO -Z(Tn) (15)
and the second finite difference as
A* 2(Tn) ' b&Tw) - oZiTA (i6)
Generally, the first finite difference is always positive. The second
finite difference will be negative until, in this case, the point of
inflection of the (T,Z) distribution curve is reached, at which point
&2I(Tf\j becomes non-negative. If the first non-negative second
finite difference is AZ(Tio) s then the center of the thermocline is
ZlTn^ .
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In order to locate Z , only the upper portion of the (T,Z) distribu-
tion curve is considered, where a (£_ — Zc. J synthetic lower portion to
this curve segment is constructed so that together with the upper real
segment a normal distribution is formed. From this curve, 0" is com-
puted by methods described in the previous section and Z is given by
formula (7A) . (see Figure 2b).
Similarly, only the lower (Z— "Zc^ part of the (T,Z) distribution
curve is utilized in computing Z^ . An upper portion of the curve
is added to the segment and a new value of C" is computed. ^bL^ s
then calculated by using formula (8A) . (See Figure 2c).
E. Irregular Thermal Features .
1. Transients
Transients, according to Boston (1966), are usually considered
to be less than one degree in magnitude and might not be seen by a greater
thermal interval. Thus, it is necessary to have a small grid spacing,
say 0.1 degrees, to identify these transients. Spilhaus (1938) relates
that the bathythermograph is seldom more accurate than 0.5 degrees,
borne out by the testing of Stewart (1963), due to such problems as
dull stylus, hysteresis, and calibration. Even if the instrument were
exact, and hysteresis were not present, the thickness of the trace limits
reading accuracy to about 0.2 degrees. Hence, although the grid spacing
chosen for this program is unrealistic at 0.1 degrees, it is retained with
the possibility of more accurate thermal instruments, or more accurate
bathythermograph readings, in the future.
If such accuracy were possible (see Figure 3) transients could be
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Fig. 3 Normal and expanded scale transient
2?
first negative value encountered was &Z.('n) then the beginning of the
first transient would be at Z(T/\*i) . Then the end of the first thermal
transient and the beginning of the second transient is signified by a
sign change of AZ(TVi) from positive to negative. If this occurs at
A~ZOV>; then the end of the first transient occurs at Z(Tn^ and
the beginning of the next occurs at Z.(T/Ht) • This process will con-
tinue until the top of the first major thermocline is encountered;
generally we are interested in only the transients in the upper isothermal
region.
2. Multiple thermoclines
The analysis of a thermal distribution containing more than one
major thermocline proceeds along the lines just discussed in the pre-
vious section on transients. In Boston's article (1966) he states that
a grid spacing of one degree is generally adequate if there are only two
thermoclines, and a grid spacing of 0.5 is necessary should there be more
thermoclines present.
As in the transient analysis the sign changes of AXCTVi) are
examined. If the first positive value is &"2(TV») then the center of
the first thermocline would be located at Z (T^,^ ) =Zci • Tne center of
the second thermocline, Zc2. » ^ s indicated when the sign of &"ZjCTV\^
changes from negative to positive. If this occurs at £i"2.C"TV>) > then,
as in the first thermocline, the center is located at
"Z(Tn* \) ~ "2.Ci.
•
The centers of all subsequent thermoclines are found by continuing this
process throughout the length of the trace.
When the centers of the shallowest and deepest thermoclines have been
identified, the method outlined in Section D, the non-gaussian thermocline
will be used to determine the top of the shallowest thermocline and the
bottom of the deepest thermocline. Then considering the fact that &"ZOV\)
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is a measure of the slope of the (T S Z) curve, the maxima in AZ(Tn)
corresponds to the most nearly isothermal conditions. Thus these maxima
can be used to separate the thermoclines. Once this seperation has been ac-
complished, the procedure from Section D can be used again to locate the
top, bottom, and center of each individual thermocline. Considering the
fact that the thermal structure is assumed to be continuous, with only
small spacing between consecutive thermoclines, there is little need in
making the identification any more accurate, or finer, than the subdivi-
sions that are indicated by the maxima. Figure 4 shows an example of
real traces in the ocean with this multiple thermocline feature.
3. Inversions
Large inversions (+ 0.5 degrees Celcius) are usually found
where water sources of different origin are close together or where
strong velocity shears are encountered. Tully and Giovando (1963) docu-
ment this feature. Uda (1963) and Tully and Dodimead (1963) also show
that in regions such as the subarctic, where there is excess precipita-
tion, the summer profile may be characterized by a nearly permanent sum-
mer inversion located at about 100 meters depth.
The main feature (see Figure 5) of an inversion is the sign
change of the slope of the (T,Z) distribution curve. The major points of
interest to the investigator are usually considered to be:
(a) upper and lower boundries denoted by Zci and Zc2
respectively,
(b) magnitude of the inversion, ZUPP and TUPP, being the
spacial and thermal magnitudes, respectively,
(c) minimum temperature, TMIN,
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Fig. 5 Typical BT trace with an Inversion
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Referring to Figure 5, it should be noted that this system of analysis will
require a more elaborate notation system, since the curve is no longer
single valued (that is, more than one depth, Z , will have a specified
n
temperature) . In order to distinguish between these depths the notation
Zj (T~r\\ will be introduced where the subscript j refers to the order
in which a multiple occurrence happens from the surface down. Thus, if Tn
occurs at three depths, the shallowest depth would be indicated asZ
(
(To)»
the intermediate depth Z^Cn^ » an^ tne deepest as Zt,(TVi) . As the
trace is read vertically from the surface down, the trace appears to be
single-valued (one depth has one temperature), then double-valued (one
temperature at three depths), before returning to a single-valued state
again. Since the finite differences must be computed, its first and
second finite differences will be defined as kZj(T"n] and A ZjCTV>),
respectively.
The upper and lower boundaries of the inversion occur at the first
double-valued temperature. If this temperature is Tn, then Zci = ZjOV\)
an(* Zc<l = Z 2.^01 The last double-valued temperature, or a lower-
valued single temperature included between the last double-valued tempera-
tures, is the minimum temperature, TMIN, and the depth of this minimum
temperature, ZMIN, is defined from Z.lTwurt^ • The magnitude of the
thermal inversion, TUPP, is given by the absolute value of the difference
between the first and last double-valued temperatures. Once these in-
version features have been identified, pertinent features above and be-
low the inversion still must be identified by the methods outlined in
Section D.
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3. Example of Input
Two methods of input to this program are data deck and tape deck.
These two examples illustrate these methods.
A. Data Deck Input
In using a data deck input, where an analyzer does not have
access to the digitizing machines and must key-punch his data deck, it
is possible to input both positional and curve data. The data deck must
be made up as follows (see Figure 6);
(1) The data must be printed from the bathythermograph
curve, at some pre-chosen thermal interval, i.e., - 0.5 degrees. The
data are punched on the data aperture cards by punching the temperature,
followed by its depth as picked off at the chosen delta-T. Each data
bit is allowed ten spaces on the aperture card and no other data can be
included in this ten space unit, so that a maximum of four data sets
can be punched per data card, (since there are only 80 spaces allowed per
card) . The thermal data is continued through as many aperture cards as
necessary to insure complete recording of the entire trace.
(2) Immediately following the completion of the first
trace, the operator must insert "Control Card 1", which is a dummy con-
trol card consisting of "0.0" substituted for the temperature, T, and
any "non-zero" value substituted for the depth, Z. This dummy card
signals the main program that the reading routine has completed reading
the data trace and is ready to read the positional data, if it exists,
or proceed on with the analysis of the trace.
(3) Following "Control Card 1" we insert the positional
data card, if we desire to read in this information. This card contains


















Control card 1 (nth)
Position Card (nth)
Trace Data cards (nth)
Position card (1st)
Control Card 1 (1st)
Trace data cards (1st)
Fig.6 Card Format and Data Deck Assembly
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hundredth of a minute, the local date, the Greenwhich Mean Time and date
of the bathythermograph cast, and the serial number of the bathythermo-
graph. If the positional data card is used, then every position must be
filled in exactly as noted in Figure 6 and Appendix II. If the neces-
sary data is not known, then the unknown spaces must be filled with M0'"s.
The format on this card is absolutely vital and inflexible.
(4) Next we repeat the above procedures (1) through (3)
for each bathythermograph trace desired. It is not necessary to insert
a positional card with each trace, but if the positional card is used it
must be complete, as mentioned above.
(5) When the entire data package has been made up of trace
data and positional data cards, then "Control Card 2" is inserted as the
last card to signal the program that the data is finished and the pro-
gram can terminate. "Control Card 2" consists of a normal data card for-
mat, except the "0.0" is inserted in position for both temperature, T,
and depth, Z. This is always the last card in the data deck (if we do
not consider the programming control cards used by the system), and will
always follow the positional data card for the last trace or if this data
is not used, then it will follow the last "Control Card 1." The entire
data deck is assembled as shown in Figure 6, and may be of any length.
The only programming prerequisites are that the thermal inverval be a
constant for each individual trace, although it is not necessary for all
the traces to have the same interval, and the input format, Figure 6,
must be followed rigorously. All other necessary computations, such as
sigma, weighing factor, etc., are contained or computed within the
program.
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B. Magnetic Tape Data
When the input data can be digitized, by such facilities as the Fleet
Numerical Weather Central, Monterey, or the Canadian Oceanographic Data
Center, a few modifications must be made to the basic program reading meth-
ods as they presently exist in Appendix II. In order to use magnetic tape
input it is necessary to remove the cards that are serialized (right hand
margin) 0185 - 0204 and insert in their place new cards designed to read
the magnetic tape. It is important to note here that the format of the
tapes and even the type of tapes makes a vast difference in the make up
of the reading cards and great care must be used in inserting the cor-
rect control and reading cards in order to insure not shutting down the
computer. Before using tapes, be sure to check the individual instruc-
tion manual and the individual tape specifications and rigorously follow
the instructions on the format for the make up of these new cards to be
inserted. The following information must be considered in each case:
(a) whether seven or nine track tape,
(b) data density,
(c) whether even or odd parity,
(d) whether the data are translated or not,
(e) if translated, what machine language,
(f) record length,
(g) whether or not the data are blocked,
(h) if blocked, what size.
All this information is vital in making up the correct system control
cards for the tape reading unit. Once the system control cards are cor-





is used, where, in this example, we are reading on tape reader "8",
sixty traces consisting of eight data sets per trace.
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4. Computer Program Operation ,
The computer first reads in the data for an individual trace, as
outlined in Section 3, and then reads in the positional data (if existent
in data deck) . Once the individual trace is read into the program, the
computer takes over, using the analysis method programmed by this routine
to start the investigations for the features outlined in Section 2. Be-
fore starting any further investigations the program looks at the thermal
interval and choses one of three possible values for the weighing factor,
SK. This value is then carried throughout the calculations for this trace.
If the positional data is included, the first output is a formalized print-
out of this informational heading,, Once this has been executed, the main
program starts a searching routine to identify various possible features
before calling the specific sub-routines necessary to analyze this data.
The program first looks for double-valued temperatures in the vertical
dimension. If these double-values exist the program calls the inversion
subroutine, INVERS, to calculate the top and bottom of the inversion and
its spacial and thermal magnitude. This subroutine first calls a special-
ized subroutine, 0RDER1, that takes all the input data from that trace
and checks to insure that the data is in correct order from the surface
down (consecutive readings) and if it is not, reorders the data in the
correct sequence. Once the data is in correct order, then the program
does a quick safety check to insure that it does not have a non- inversion,
(where the temperatures first increases with depth and then decreases,
giving not an inversion, but a positive surface gradient followed by the
normal main thermocline, a feature that the main program might identify
as an inversion). If this condition does exist, the subroutine terminates
and returns the flow to the main program for further investigations. If
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an inversion exists ,then, by the use of do-loops , INVERS calculates the
top, bottom, and magnitudes of the inversion as outlined in Section E.3.
Once the data has been analyzed and these results are available, the
subroutine then calls four specialized printing subroutines, PRINT3
through PRINT6, to print out the data in a useful format. INVERS then
returns the order flow to the MAIN program for further investigations.
The MAIN program then investigates the thermal interval, delta-T,
to insure that if the interval is less than 0.2 degrees a thorough
investigation for the presence of transients is accomplished. If the
interval is 0.2 or less, the MAIN routine calls the transient investiga-
tion routine, TRANS, which proceeds to analyze for the presence of transi-
ents as outlined in E.l. Upon completing the analysis, the results are
printed out, if any exist, and the flow returns to the MAIN routine.
Once returned to the MAIN program, the final investigation is made
into the possibility of multiple the rmoc lines. The MAIN program calls
the multiple thermocline subroutine, MANYT, which utilizes analysis
procedures outlined in Section E.2. Within this subroutine is the pro-
vision to go to another subroutine, NONGA, designed to handle the more
specific case, should only a single main thermocline exist. The NONGA
subroutine uses the procedure outlined in Section D to find the top,
center, and bottom of the thermocline. In both subroutines, looking at
thermoclines, the results are printed out by utilizing the specialized
printing subroutines, PRINT1 and PRINT2.
A flow chart (simplified) for the entire process is shown in Ap-
pendix I, and the entire program can be inspected by referring to Ap-
pendix II. It is worthy of note, that this program will not identify all
three features, transients, multiple (or single) thermoclines, and in-
versions, in a single trace as the existance of all three would be very
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rare. However, the program will look for transients in the upper near-
isothermal layer and then investigate the possibility of an inversion be-
low this area, or if the inversion does not exist then look at the thermo-
cline(s) in the region below the near isothermal layer.
Also, as an additional feature the program can be called to print
out a graphic display of the input data (Appendix III), thus giving a
visual representation of the data that is printed out on the output data
sheets. This auxiliary feature can be called by inserting the following
cards in the MAIN program immediately following the card serialized 0199.
CALL SEE13(T 9 Z 9 ICOUNT)
which will call the SEE13 subroutine that utilizes the library pro-
gram, "DRAW", to give graphic display of the input data set and fits a
curve to these points. Before using this call, the user must exercise
care and carefully read the rules for usage of "DRAW" in subroutine
"SEE13" as are outlined in Appendix III.
Another feature included as part of this thesis package, is a pro-
visional set of cards (Appendix IV) that will convert the program as
contained in Appendix II into the slightly different machine language
required when the program is used on the CDC 6500 model computers, in-
stead of the IBM 630 models for which this program is written. Before
using this conversion program two steps must be taken,
(1) all data and system control cards must be removed
and the remaining portions of the included program
become the data deck for "BCD"
(2) All output formats that involve printed words or
combinations of printed words and numbers must be
converted to "H" format.
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5. Output from the Computer
.
The output from the computer consists of several possible combina-
tions of data. Included are examples of a few of the possible combina-
tions. All the output from a given trace is printed on a single indivi-
dual page, headed by the trace number within the data sequence and the
positional data for that slide (if any). Figure 7 shows one of the sets
of real data that was taken from some data traces made by Tully in the
vicinity of Ocean Station "Papa" in 1963. Figure 7 is a hand-drawn en-
largement of a real test trace containing both transients and a single
main thermocline, typical of that region, used in testing out this pro-
gram. Figure 8 is a typical output from the program's analysis of this
trace and lists the positional data (which was partially available) and
the date and time of the trace. The program then reveals the existence
of two transients, by printing out the location of the start and end of
each transient. It also gives the information on the single major thermo-
cline. In this case the data was read in from a data dekc after being
transcribed from the trace onto aperture cards. The data interval was
taken in this case to be 0.1 degrees. Figure 9 shows the typical print-
out of a hand-constructed case, also used to test program, centered
around a thermal inversion (Boston 1966). Figure 10 is the data output
for this created case. Figure 12 is an example of the printed output
that would be expected from a trace (see Figure 11) containing multiple
thermoclines. In this case two major thermoclines exist in the trace.
For interest, Figure 13 shows the output from the drawing routine called
from SEE13. It can be seen that computer drawn trace of Figure 13 is an
adequate enough representation of Figure 12 to enable the user to use
this type of computer output as a rough aid in insuring correct working
of the computer program or other rough calculations where a visual presenta-
















START OF INVESTIGATIONS IN BATHYTHERMOGRAPH TRACE NUMBER 4
GEOGRAPHIC POSITION OF BATHYTHERMOGRAPH TRACE:
LATITUDE ......... 36-36.1 NORTH
LONGITUDE 113-44.7 WEST




BT SERIAL NO 663977
NO TEMPERATURE INVERSIONS EXIST IN THIS TRACE.
TRANSIENT DATA AS COMPUTED BY PROGRAM:
BEGINNING OF FIRST TRANSIENT 21.0
END OF TRANSIENT 55.0
BEGINNING OF NEXT TRANSIENT 60.0
END OF TRANSIENT 87.2
MULTIPLE THERMOCLINE DATA AS COMPUTED BY PROGRAM:
CENTER NUMBER 1 LOCATED AT 148.0
CENTER OF THERMOCLINE 149.6
TOP OF THERMOCLINE 99.3
BOTTOM OF THERMOCLINE 196.8
END OF DATA FOR THIS BATHYTHERMOGRAPH SLIDE.
NUMBER OF DATA PAIRS ANALYZED - 18














Fig. 9 Typical Inversion
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START OF INVESTIGATIONS IN BATHYTHERMOGRAM TRACE NUMBER 27
GEOGRAPHIC POSITION OF BATHYTHERMOGRAPH TRACE:
LATITUDE ..... 00.00
LONGITUDE 00.00




BT SERIAL NO 000000
THE FOLLOWING INDICATES THE COMPUTED TOP OF THE TEMPERATURE
INVERSION, BY NON-GAUSSIAN THEODS
:
TEMPERATURE INVERSION TOP ..... 66.0
THE FOLLOWING INDICATES THE COMPUTED BASE OF THE TEMPERATURE
INVERSION, BY NON-GAUSSIAN METHODS:
TEMPERATURE INVERSION BASE 160.1
THE FOLLOWING FIGURES DEFINE THE MINIMUM TEMPERATURE OF THE
TEMPERATURE INVERSION:
MINIMUM TEMPERATURE 11.0
DEPTH OF MINIMUM TEMPERATURE 139.4
THE FOLLOWING FIGURES DENOTE THE TEMPERATURE AND SPACIAL
MAGNITUDE OF THE TEMPERATURE INVERSION:
THERMAL MAGNITUDE 4.0
SPACIAL MAGNITUDE 94.1
NO THERMAL TRANSIENTS EXIST IN THIS TRACE.
NO MULTIPLE THERMOCLINES EXIST IN THIS TRACE.
END OF DATA FOR THIS BATHYTHERMOGRAPH SLIDE.
NUMBER OF DATA PAIRS ANALYZED -










Fig.11 Hand drawn Bathythemogram
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START OF INVESTIGATIONS IN BATHYTHERMOGRAM TRACE NUMBER 17
GEOGRAPHIC POSITION OF BATHYTHERMOGRAPH TRACE:
LATITUDE .....





NO TEMPERATURE INVERSION EXIST IN THIS TRACE.
NO THERMAL TRANSIENTS EXIST IN THIS TRACE.
MULTIPLE THERMOVLINE DATA AS COMPUTED BY PROGRAM:
CENTER NUMBER 1 LOCATED AT .........
CENTER NUMBER 2 LOCATED AT
CENTER OF GAUSSIAN THERMOCLINE
TOP OF GAUSSIAN THERMOCLINE ....
BOTTOM OF GAUSSIAN THERMOCLINE
SEPERATION #1 BETWEEN THERMOCLINES
CENTER OF GAUSSIAN THERMOCLINE
TOP OF GAUSSIAN THERMOCLINE
BOTTOM OF GAUSSIAN THERMOCLINE .....
END OF DATA FOR THIS BATHYTHERMOGRAPH SLIDE.
















Fig. 12 Example of Output for Multiple Thermoclines
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COMPUTER TRACE
TEMPERATURE AGAINST DEPTH (Z POS. UP)
FIG.13
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All the preceeding traces were read in in data deck format, with
varied intervals of delta-T, 0.1 degrees in the first example, 1.0
degrees in the second case, and 0.5 degrees in the latter case. There
are other possible combinations, but these three cases outline the general
format and the answers that can be expected. The other cases are just
various combinations or omissions of the above three cases.
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6. Discussion and Conclusions Concerning Results .
Although no error analysis was undertaken for this computer pro-
cess, it is obvious that there are some errors built into the program
that could perhaps be reduced by further investigation and refinement.
In several segments we use a Gaussian based method and thus there is
some error introduced in the computation of the top and bottom of the
thermocline due to having to compute a sigma in the program. Also, in
this program the multiplication factor, SK, is calculated only roughly
based on the thermal interval. This factor can be improved, but cannot
be exact in the computer, due to truncation error; besides, much storage
space is needed to store the large table of values applicable where each
tabular figure is only good for one specific Bet of data.
There are certain errors inherent in the computer, but since we do
not require great precision, these errors can be ignored due to the fact
that the bathythermograph itself is not a precise instrument. These
errors include truncation and round-off errors in every computation.
Since we are requiring printout to only one decimal place it is doubt-
ful that these errors will ever be noticable. Also there are errors
built into the functions that are interral to the computer, such as the
"square root," "multiplication," and "addition" routines, but again these
will not be significant in the accuracy that we require.
There are certain advantages to the use of data tapes versus magne-
tic cards, when great volumes of data are to be processed. The time
required to punch the data cards and to check the results is a function
of the experience of the operator. The computer time is approximately
25 seconds for card input computations, plus additional time if the draw-
ing of graphs is required (approximately three minutes per graph). This
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time can be cut approximately in half if the program compiled by the
computer is put on tape and data input is in that form, as the compiler
takes approximately half the time now used in making a computer run.
There are other equipment errors, that as yet have not been evalu-
ated, that are concerned with the input data, and are still vital to the
person desiring to analyze the traces by use of this program. Such items
as hysteresis, where a double trace is formed on the bathythermograph
slide, due to slight differences in the temperature when raising the
Bathythermograph as compared to when lowering it cause inaccuracies,
dull styluses can give traces that are too wide to be useful. Damaged
equipment that gives unacceptable temperature fluctuations, such as
variations from bucket thermometer temperatures, or other signs that the
bathythermogram is inaccurate although the trace itself appears accept-
able is another input error. Also there are errors inherent in the digiti-
zer that can vary depending upon the equipment used and the usual problems
inherent to electronic curve followers or other devices.
The results of this program, in the fifty test cases run, appear to
give slight errors as compared to the hand analysis of the same data.
Ten of the test cases were hand constructed curves, designed to test
the program for specific features or combinations of these features, and
the remaining data were real data obtained from the Fleet Numerical Weather
Central or taken from other written works, such as Tully and Dodimead
(1957) and Pattullo and Cochrane (1951), and a few traces taken in
Monterey Bay. Both tape inputs from Fleet Numerical Weather Central
and punched tape data decks were used. There were no apparent differ-
ences between the outputs from the digitized data and the data on
aperature cards, as might be expected assuming that care was taken by
the person picking off data points from the curves. The largest error
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in the tested cases, was found in a very steep thermocline, real data
case, where the depth error was 4.5 feet for the top of the thermocline
and 3.0 feet for the base of the thermocline in a thermocline that was 76
feet in vertical magnitude. In this case the center of the thermocline
was only 0.3 feet from the hand calculated value. The thermal interval
was 1.0 degree Farenheit and the thermocline in question was analyzed
by the Gaussian technique.
Thus it can be said that this program accomplishes, with acceptable
accuracy, considering the analytic methods used, in seconds what a well
trained operator would take tens of minutes to accomplish.
This program can be expanded, by the inclusion of additional sub-
routines, and their respective "call" cards in the MAIN routine without
greatly increasing the time needed in computing the desired results.
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7. Recommendations .
As previously stated, there are other features that can be added
to this program by merely including additional subroutines. Additionally,
this same programming technique can be used, with a few basic changes, to
analyze other oceanographic data curves. Before accomplishing any con-
versions of this program to handle other data, the user must first look
at the basic form of the traces he plans to analyze. Traces, other than
temperature, may not be describable using the same parameters as des-
cribed by Tully (1964). Such items as the magnitude of the fluctuations
of other quantities must be examined as they may exceed the number that
this program can handle. For example, it may be common, in some other
oceanographic parameter, to have more than three stable features corres-
ponding to the thermoclines in this program, and thus the program would
have to be modified to allow for additional curve computations. Another
correction that would have to be made would be the rewording of the print-
out statements.
Further investigations should be undertaken, to include the improve-
ment in accuracy of sigma and SK parameters and the possibility that such
curves as the hyperbolic tangent or Chi-squared curves might give a better
curve fit.
As this program has yet to be run on the CDC 6500 computer of the
Fleet Numerical Weather Central, this should be undertaken as soon as
possible. For this type of program, the speed of computation on the CDC
6500 computer is approximately three times that of the IBM 360. This
CDC 6500 computer also contains more storage space than the IBM 360
computer and thus longer tapes or card inputs may be used. An additional
advantage of this increased storage is that investigation could be shifted
48
from the present two dimensional set up (temperature versus depth) to
a three dimensional investigation (multiple traces analyzed simultaneously)
giving a field representation instead of just specific points.
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Print out "Start of investigations into
trace characteristics for bathythermo-
graph trace number"
[ CALL SEE13 J
READ:T(I),Z(I)
YES
Does T(I) equal zero and simultaneously
Z(I) greater than zero?
I








LAT,XLAT, LONG, YLONG, QUAD1, 0UAD2
,
DATE1, DATE2, DATE3, TIME, SERIAL, to
determine the time, serial number, and























Print out, "No multiple thermoc lines
exist in this trace."
I
Test thermal interval to see whether or not





Investigate the data set to see whether there
exist more than one major thermocline. If
more than one thermocline exists, each
thermocline is investigated as to the location
of its center, top, and base. If only one
thermocline exists then a more complete analy*





Print out, "Completion of all investiga-










LAT, XLAT, LONG, YLONG, QUAD1, 0UAD2
,











Print out; "NORTH* latitude and "EAST"
longitude and also date, time, and serial
of bathythermograph.
PRINT OUT
Print out; "NORTH" latitude and "WEST"
longitude and also date, time, and serial
of bathythermograph.
PRINT OUT
Print out; "SOUTH" latitude and "EAST"






Print out; "SOUTH" latitude and "WEST"











Define SK in terms of temperature interval




Test entire data set to Insure inversion
exists by checking sign changes of:
T(N/1) - (T(N)).
I
By do-loop, compute first difference, A(N)
,
on Temperature, and first difference, B(N),
on depth, terminating loop if sign of
A(N) changes ^^
By do-loop, compute second difference,
G(L) , based on B(N).
I
Set up initial testing loop and set
TEST1 equal to G(L) . Run loop until
sign of TEST1 changes and note loop
counter at this poinj
T
Compute top of inversion, ZC1, based on
TEST1 termination counter, and also comp-




By do-loop, compute first difference,
C(I31), on temperature, and first differ-
ence, D(I31), on depth, terminating loop





By do-loop, compute second difference,
P(I32), based on D(I31).
I
Compute spacial magnitude of inversion,
XUPP, based on loop counter NNCO.
By do-loop, compute first difference,
E(I33) , on temperature, and first differ-
ence, F(I33), on depth, terminating loop
at counter, based on length of data set,
ICOUNT.
I
Bv do-loop, compute second difference,
R(I34) on F(I33).
I
Set up second testing loop and set
TEST2 equal to R(I35). Run loop until
sign of TEST2 changes and note loop
counter at this point.
I
Compute base of inversion, ZC2, based




Compute minimum temperature, TMIN, and
its corresponding depth, ZMIN, based on


















This subroutine takes the input data and
rearranges it, if necessary, in correct
descending order, by using a double do-
loop.
I
DO I - M, III-3
I
IP2 - 1/ 1


















This subroutine, similar to 0RDER2, takes the
input depths and temperatures and sets them in
correct order using a double do-loop.
I





























Print out, "top of temperature inversion









Print out, "Base of temperature inversion
















Print out, "Minimum temperature in tempera-











Print out, "Spacial magnitude of temperature










Set do-loop counters, based on size of
data set, ICOUNT.
i
Bydo-loop compute first difference,
Z6(N) , on depth.
I
By do-loop, compute second difference,




By loop, check sign of second difference
to see if it is greater than zero.
I
PRINT OUT
















































Set do-loop counters based on size of
data set as inputed.
1
1
By do-loop, compute first difference,
Z6(N2), on depth.
I
By do-loop, compute second difference,
Z8(N1), on Z6(N2).
By do-loop, check all values of Z8(N1)
to see if greater than zero.
Increment counter j
PRINT OUT







By do- loop, compute the largest value of
Z6(n) in therraocllne. Set BIGDP1 equal to













By do-loop, compute the largest value of
Zb(N) in the next thermocline. Set
BIGDP1 equal to 0.5(Z6(max) + Z6(max + 1))
1
Call GAUSS3 »^ 1
1 1
PRINT OUT















If there is only one thermocline in the data




Print out, "End of data for this bathy thermo-








Z(I), T(I), ICOUNT, NQN1






Compute Z1(N) - (Z(N) + Z(n+l)/2.0) and
Z2(N) - Z1(N) x Z1(N).
V
Sum: Z1(N) and Z2(N) within do-loop.
1 f
Compute gaussian center of thermocline,




Print out "Center of Gaussian thermocline
is located at depth."
'
1
Compute: ZAVG (1.0/(total -1) x sum
of Z2(N); SIGMA = ZAVG - ZCxZC;
I
Compute top of Gaussian thermocline





Print out "Top of gaussian thermocline is
located at depth"
Compute base of gaussian thermocline,
ZBT » ZC + SK X SIGMA
1
PRINT OUT
Print out "Base of gaussian thermocline is
located at depth"
I
Compute magnitude of thermocline, from
WW * ZBT - ZT.
I
PRINT OUT






Input 8 from: NONGA
Z(I), KT
I
This subroutine arranges the input data,
if necessary into correct descending order
from the surface down.
I
DO I - 1, KT-1
I
IP1 - I + 1
3=Z























Compute first difference, by do-loop,
Z1(N) , on depth.
I
Compute by do-loop, second difference,
Z2(n), on Z1(N). ]
i
Set up testing loop, TEST(KK) equal to
Z2(KK) and execute loop until there is
a change in sign of TEST (KK)
.
1
Compute the center of the thermocline,
ZC, based on the counter number when
TEST loop terminated.
I
Set up localization loop to find extent of




Set up localization loop to find extent of


















Compute; Z1(N) = (Z(N) + Z(N+l))/2.0
I





By do-loop, compute SUM1 and SUM2, based




Compute; ZC » (1.0/total -1) x (SUM1), the
center of the gaussian thermocline.
Compute; ZAVG « (1.0/total - l)x(SUM2);
SIGSQR - ZAVG











Compute value of SK, based on input value
of ICOUNT.
Compute Z1(N) - (Z(N) + Z (N+l) ) /2.0





Compute; ZAVG =» (1.0/total -1) x SUM2
;
SIGSQR - ZAVG + (ZC x AC).
I
Compute base of thermocline, ZBT - ZC +
SK x SIGSQR.
By do-loop, compute SUM1 and SUM2 based








Input 8 from; GAUSS 1 1
ZT, ZC, ICOUNT
PRINT OUT
"Number of data pairs utilized"
I
PRINT OUT





















OBJECTIVE THERMOCLINE ANALYSIS PROGRAM
84
rgo .-(*>>* in «©f«- co o^O^cvjrro* m^f-ooo^c.t-irom^ ir«>or-a>o»c.^-«r\im>* m>ot^ao^Or-4fvjm^ u\-ur^
t_.C OCOOOOOOCCOt Ol-CuCC OC OCX'OCOOOCCC Ol_OOOOOOOC>GiC;0<_>C>






















































•"•to ot ZO _j lu ui uj u_! <r
<•—OIQ.K




























z a o wot
U-X^Z ctJO
X -O •-• Uj UJO. "5CO Ul«<
UJCDJOZKKr
to OZujmj










<f ll)C <T •</? I >
ttTQ-ZK >0«—»—U.
U X U-Z UJ 0£ K«—
O-Uj0t«-i_JUjZ »Zh"XKD eCh<KUJZ
uj uWDZH/)CUJ
* Of.O ^O ** >— •«***O
aionn x >-«XX O UJtOuJZ
oh- jQwto UJO
<iCa zruJ>UJt-
















— x:>— ZUJ uj
t/0O UJZX •Oat«/JX
ujz «LuO'-'at-k-









CL >— »- _JUJ»-t-i QCi—
UJ m|— «CL»—




X*-OiOOtO I UJ>- QC






















uo - Of h-O UJ •D





• t Q »M4 X
U1 «3 O UJ Uj
h- UJ z • UJ UJ LL o
15 ot OH- Ui o n 3
Cl au_i «-» D »-
Z Ui tOUj - to MM
»—
<
ot • LUIX < •— X e
~k- or h- t- »- z
<l *-—> occt <: <t o a
t- <U- QO o _J UJ _j
<1 aX O at
a UJZ <s\ _i u. O u.
Q.LU ~ct < O z o
LU Xa tOUJ z ~J
u UJ<J Oh o to X to
« »-U- ZUJ *—
»
UJ • UJ
or •-X - UJ ouj UJ
-
-JOT o ^1 Of ZO cc
<o <z to e <r ok => UJ*-* o UJ - UJ
CD at a Q
UJK-
O
UJ >« xuj UJ U.' »-< UJ
tff I •-U K> X -J 3-1 _J
X - o_i 0.0 »- O Z O
< ZUJ UJCD X •-U. X
a UJ •—
o
Q< UJ 3 XO 3
o a ec
o < <







1—1 X — M 2 V- e
< o 1« •—
•
O 1- < z
X -J •— « _J < -J O























m-j-ir <or~-onOs o«-<f\jrr>^iri«or-ooo o^tvm^u^oof^aj0^o»-«osjm4-«r»oj^ooO'0»-«cvjm^, ir>«or--ooG*o
CD CO CO CO CO CD CD 0> s 0>00*0 ^O'CTO'OC "3OOOOOC-O^-»»-«»-<»-lr-<»-<<-<»-lrH«-HC\J<ViCJC\Jf\JfVjrvjfVJfMf\Jr0











OC z »- -




• MM to o o
o l/> OC z «I
cc a. LU < X
<I LU >




X •— •* X
o LL £ CL
o ll c < UJO a. X
Oj LU LL. »-
o a oo Q.
< c <x X o
Ll - CC UJ z
a. K <
3 LL LL
o*» c C X -J
<
» X X X •-«
»- »- h- « o
o a. Q. z <
UJ LU LU •—
<
a.
a. o o X to
a.




o o o OO
OO >-^
u_ OO OO oo oooo
ct - »- - >-a




—>Z ar cc a.' ocz
~ CL a. Q. a. •-
1 1 i 1 I
<\l m «* \r >o
a: i- K h- K




of QC a: a. CC
































ro 1- UJ •





— ^-; o K D
Ot- z c OO
fOtO o 3 O LU





* » o— - Q>t LLC*
— *»
_J-^ w* t*> • CDLU NN 0mOO -J>» II «t-< LL M *v
mm O MH —« LULL »—
t
»w LL* •• II II e— * CO PVJ
<lar. LU— ** zc >- r- co •— f\i
LUZ »-^ </>*/) < z »-» f^ o
» •* x«-** x»- 3 -» • t-t
—** »-»- >_ •»•» ooo o z •> o mOO 3 —GIT* QC o z h- t- c




w QfOC «-> «*^o au « 1- >- "Z. -z ~
-QL <f 1 «-<m • • o ^ » o ?t—O—v
a cd «-• *LULU f-4ro -JLL. OOi-l • r- c DZl-CNZ »
» » 13K-OO-J ooO a ^- OD —m
—i—i CoO *-•-' • • I 1 t-o -«. —•-4 OO • — 1 CO •OO O >-LU •i—i ^^ p-4—• CO Zi^) o o
mm--- o «^f\i—i «». >-\~ OOO i»j oo •o Z— •—-'-^
—«—o •—^ *<\iCJ»-ZZ QCZ *-^ •z o • O" —• ~*o»-«mLL
^omx mx-——zzo •-< rvjt-«Z •—o • » r^ »^ »*o »C^ZOmt-hDOD LLX QC <-» •l h-HZOXZkZOX
ZZm-v»-«m*v i i oou o LU II 1- — 1 _J II t-iir>'—O—mmOO *"V< -N»-.-»UIMM K oz Ul II LL 1 «Z II •V.N- *fKj »V.
•—•*-£>—'X J3— _l_|<— 1 <z QCZ II rx—r\*m Oj«- -» vO—
o->oo«'K — -»- — II II o c Z IZrlHl- «-•>- II Z II — I-




LULUt- X Of-X —»— «-4l\J iCoO _Jf^ ZI-r>-<l-<^r>K X-»«l—h-
X
XX — eta:—oCw^m.iCO o -J ZZ —2:«- oi-iocz—z^-qc
•— •—< QCOLL CCO LL LL **'OU oz <DwOOll OllOOOCO—LL«-QCCQOIU. -JO UQ<UOhl • •—OZjtLL<—'CCjtLL
o t-i 0> r- CO r- m
m m h- r- h- o o
c o wi *^ o
m m mOOOOOOOOOOOOOOO oooo OO uu
87
cm cm cm cm cm cm cm cmGOCOCOCC
r^-ooO' Ot-K\iro^u>»Oh-CDO o»-«f\jm>j-ir>*Oh-oDO o»-»cMr^>*-ijr\>or-eco> c»-tCM
4* >$ «t irim wn in in in inm in in «o <o *o >o <£> >o >ooo <£ f- r- r» r» r- r*- r» r- r- r«- oo op oo




m 20 N^ UJ
Or m2 LUU a
h- <T«T_J tOXLU o
UJ 2 <r UjhO LL _j
X — z o m O o oo
>>^ DO 2CiOX^ LU^<t LU2K or o
*-N^ x a. rX»—
i
UI 2
<>* I-UJO0 LULL 00 CO O
CD^ X LL O • X t->
^ • • If-O U.OO UJ 3 UJO^ LU O 2 «-"»-X > 2 U)
K"v 2 cx O - o2^ M LULL LULU CO -J • or
— >v K- »-» •» OQlX <1 < o
m r> OhUJ 20 - • u
COCO o LU2QL 0_)_J to OX
2*- rf _JUI~ ooo<r w »-< 2
o * CT _ioi- LU <_> •^ (X O
—>• 3 <«-< tOLU»— l—l LUO •—
t- CO O OT • oa •»• xo 1-
« (~1LU^ 0<i uj oo - -or <.Oa 2 2i-an 2CXX X CL 1- •
.—
.LU n lu y»-« <r>-3 *- UJ o r>—
i-cc * XOOUIOO 2 LL X ze a. ll
u)5 V) TK.*-+-CC k-UJ UJ 1- •-^ Xor
ibD ct tO LU 00IO o -•-• or
>2 LU »>-x> Ct>-2 o 4< oo2 > r _ir>2 »-> <r 2 h- OX UI
— LU 2 O0<X«— LL2 Ui •-"B oroU — a 2m •-2 oo o O OO
_J< lu<2lu tO O o 2 2UJ U.0T
_IOT LU > —X LLtO«— X -< -I a
<K -» X 22XK OOLUtO o o >- M oo
- m< DOa 2 (X r U__l
LLl t — *u. 2LU k- O LUX to Z>«l
oa o OOLUO LUO < CL l-O or -J2
< 2 0t02 2X2 00 2or UI <or
—
»
2CX K M LUZ""—>LU •-MO 1-1 00 UJ DO. > >UJOO 2 2 -J<jO - tt UI oc O 2 i-
—O >* 3 or I-(JU3 r*2uj • X or ct Oto •—
i
oo2
i-x O o LU •- 1 Oh- OOXtO < 3 O or e UJM
LUCX o O O t-zr« C£«-*KLU Ct K o —!•— o~
»«
-JUJ f- •—» 2 ZCaZ ctto or O < « X 2
h Q.I » O LUZLUO 3 u-n O £X oo 2a O <LU
1- Xl- O *- o x< tOLUO>- (X UJ X or or ore2 c> 1- » M/OI-X X < a. a K LU< u 0T2
~
; ox ^; 2 K-LU • t r k-Luui X a -»- <<
c 1- o «-» O 2COLU.J to LO O0LL s LL' u 2«f o uix
o - < o 00 «—
.
LUXX< ^* 0Th-< 2 K O mO UJ oroM »0Q ex H- X »-X to uj<:coa. —
»
—j
* X «•» Ui < O » cc >• > Ul < 1 i 1 -j »
hh(*10t o > x LUf-LLLU -j 2*OX X <r
•avOi-* • 2 Of 002OX < mCZH- & - o -*
^Zvu. »- —-
.
O LU *- 2 t c<o 2 a
—
.
^ 4-0 u. COXUJ < _l X •» —
.





>m>*uj»-*- 2 M XLU<2 LL IOOX a. «— w o 2 or2 .'vex CD2 •-H h-tO£C< o hht-K LL K KJ M M O
<>0-DZr h" -J h-
SE--KK o 3 < O </} 3
Uj<< h o O CL o h- a
-JI-XUJ mCL CL LU X Z> cm or
_JmOTUI-•"CO X 2 K Q. II CO
<-CtO CCU.I-2 3 LU LU Z >*• 3CZU.U2
*






p-f\jro>tm>or^-ocOxO >-iCMr»,)«4 u>>or-CDa, Ot-«f\jr'>>4'if\vOh-ooc>o<-'f\jf«,i'4- »ri<or*-eoOv C: <-ifv;ro>J iTigDr~a>
<r-(TCT»cro a^crcrcrooC'C c ooooc - • M.MMiM^MiMMMrgrgrgfMrgcNjcgrgfNjrgrrcnrorncnrnfnc^im
^ . (»i _«m ,_ «hmmm rg rg f\j rg (\j rg rg c\j c\i eg cm rg rg rg rg rg rg rg rg rg eg eg rg rsj rg rg c\j rgrgrgrgrgrgrgrgfMrvjrgrgGOOOOOC C'OOOOOOOC OOOC COOOOOOCOOOOOOOOC C'OOOOOOOCCO
UJ
to «.
M-l UJ u "V «-> LL
K X M • ^
» *-* • » o
m K UJ UJ -«. • z «•»





<I » Li - »
« UJ - a: V < < ro •O h- 13 »- Uj a o wl Ul
» <r O o »- M o o
f\J o ec CO <r K r- <
UJ » 1 •—
<
a. oo 00 a.
»- rg ec X i- M UJ o »-
< UJ X H- X > h-O k- oo co >- z oo
» <t Z »-^ Ml O MM
<-t o z toM I z o X
UJ » o 1- M- Ul • \-
1- Ml M »/> _J -» *M
< U- oo t- z ^~ •—• • z OO Z
o M- a 00 <—
'
oo XUJ ^ «» MX
>*<£ • <t UJ iM) »—
<
jta z Ul
—«r- rg Q > X 1- X rr o z M-
oo c to Z UJ oo UJ h-l- • Ml oo
r-r- < <\i — «—
•
ao UJ -J •—
2 O z X oo OS -J o XCO o —< _J a UJ Ui 3a • o UJ
>-K » COX _J M z K -» X
Ml —
©
< in oo to* UoO —
»
a: ooOC o » » o a ec t- _l •—
i
rg UJ K-CO < r-r-i o UJ z o _l M»M X z
D mo c © > UJ o Ul< l-M 1- Ul
m*mm o »<I z r- z MM X UIX 1 o M
oo » m^ < M «— 00 of OOOC -»r- o OO
• • o fc-O O z UJ UJ •H z z





• • o » » UJ O^ ac cc h- l-M- l-f- 1- Of
-© M"
—1 rg<j Of Of*> r^rvi *- © -» o OO >-
ouj o >• •-Z 3 03O»- »~M Ujm -JZ •O—M^ M
• • o ^» » pgO i- O — <o _l -Jo <.>— ceo o X _l
— « r- <v o »_i < O— ¥- o:p- < Q.K > O r- Ul <
ii i •V z rg> cc r-— UJ 1- X Ml CCU) ••—
•
Xw o ^» » o • » UJ tr • ClOZ or l-O Um- rgrg»-o u cc
*»f«g K SCfO -J nOO a KKOm—-' x»-r5 Ul _J»- h-Z • tZK o Ul
• »—
1
w • m uz X 7ZV-»-*5S UJ O X 3 zuj OO^ XCO o KJO »- •p UJ r;3 «-m hOU 1- TO MM • tOO UJ »-ZZ + o Ml < *_» M- OOOl-")-* Om O OO UJh-OO cc
<< •Hi. —1 •—« » ooo •— • o o o UiZ CJM o o
• •- -*»-— rg X •- 1- •->•-. ©>r- Z— 1- z z— ac<. • • IM» i- z
ooz .-•z* ft rg< < • — ujZll - o » i - c ~ct ——-*— IMt < M
• »3 •~w » I- • _j UJ ^-tt-jO^ ••—ip«j * «rsi • » • l-l- — I— » • z »
ooO UlOhX < «o»- a. ii ii rc—K XI-— X XI- (M < CM t—i fvj Lu X
• »o oo m -J U.SJ UJ • -50>»|— -5 X OOOO o oo • ecu «-w—o UJ a
oo« •M—.v. •-< eci- f^ro •m—»ro —M »QC-»^^-»t-l «o uiO K-I-OO • 1— — t j
LULU h- •*sj ,v «~ f^Z— oo ->•—©-> 0"V vOV h- UJCD V. C> ""v- o. 1 1 Z*- < r*-*v
• • II Z-i •—LUmI M_C£ QC»- UJ— •V.Ui »^Z> »>k •^vZ 1 XUJ <Z o •^
n i—
i
3 II a? r> »_J'— ceui OX aooo •>g3—Dg3— 3Zgj'-'gj*-'0 UIO MrgofD Ml g^w
i-ii-iK O*— 1— ZlT\^.KQ.O0 UUI OCJ"5Z-hZ ->-Om«'»-«'\~a n l-Z M-—-I-0 1- «-»-
ZmIO Uj^mwm^ • CUrOMUj<M jj<U UJ4UKO Ul !-- O 00 UJ<1
- m-3 *-r-i^- x m- Oee X _J»- >->• r-r-->h->-x>-K z«j^zi-r>-z -00 M«JM UJ hi
—
—Om— -az<uja;_i<i COUI ___a:z —£— _)•-ex—-a:—
^
OOUJ — Ill I 1
1
> MCCUUO II UOCCOOUJO-iC'^-J UJX OOUUQCOOaCOu<QtOQfOUZ UlCt uu<u z ceo
mmmmmQIILUIX U.UX KK COmmXu.UXU.mUXU.3u.mO K-a. mmCJm Ml Xu.
in rg^-4^ 1—
t
4ffl0 go (^ 00 cr rg t-l ror-
o Ml o o ^^ H Ml
o o o o *** © O
r~ h- r- r- r- h- r-
oooo oooo oo oooo ooo
89





1- • o oo act- LU
£*>UiO0Ul
-J ni- ~=> ec7D<0 <r Oor ec »-o U-ll*
<r-J-J< _j> CKTLU «cr • >o
< OL c >l_>O0 uj<t»- ><.ec
•>IU>- CLE z u. z aia
UJ X H-fS lle »-c U-LU <
WOt-J zr •--J z IOh OOZUJ
Ocy < o _J*-«r ¥- OO 00<I
ft LUjTO <_>o 00 •-_IZ UJll»-
ar*s.OC z •Q.ZO JT<<. U3 1 _!•-' LU<1 OE at "-•or uj: x •
O.Z_l> ec LU 0< »--- zooo
oo« t orzoo rz S _iZ
i/iZHO -»- •—'UJ ccuj< uj m>-i
— Z oor oOXZ«I oc XV^ jt
X>-H-*- D UJKUJK- UJUJO0 ocooa
>-ZO0 XX O X«I 7U.O O
-J
<=>x K zt-o ^-u. luQnD_;
or Xc_> •o zo _)»-«l/) eouj^-oOO «i Ooc LUi—iCUJ U)OUJ O u.
llzs uj UJ Tk7U o z -UJO
«1p-^ ooc jt«X«l<I XUJi— •—'UJ IT'LL!
o s z oz X a: Ct CtLL o>-ar
UJS ** •—
"
>UL *h- • LL.OUJ OUjCX.
00>-O U-O JOI — x»^o _ia lud: cto —>*i ZlL<»-00 t-< OQ.O000
<Uj
_j oza.u)*' (XX O ZLU
l/)t£U(/l ••ft. •-O^LU <UJ< XUJ«—Z
—O 3 XUJ O O-JO a. or ooorujM
U-_) OOf ujooct <t exo «ah
S OO UJ OOt—CLZOC »-UJO » r>
t-tCQf ct Ou. OT tut- »-or o^-ujo
S LUH-< o »-euj ex a. z<coor
l-ZO < uj Z3k << —X020 t-vr. am»-K
-J 00 0»-Zo0
ct»-o_j <t- «iCjooUJX fcrtC5«-« <t UJ»-
<•- < Ooo 30c0»- xzx arool'—





oo *o LUoO OoujOcl oooo z o
_jcrt •-• T? oczororo ~»- XLLIOZ
OO^-K »-o • <•—o«iu- C) «i. UjXZ<
OCoOE -* OO O U.O Z>X -JUJ<
h- 00 Z UJ OUJ E CCD3 CCl- XZco:0 »—I»Nl <K-a.<»-. •-4 o<o<C •OCV (_>*- h- l-S »— ujc/-> a »_Lua
uou. o«— _j <UJ—
«
<_)«- aoo>C
ec 0CX»- Oct: CO •—ia0 ocU.OO <jt>- •— a a<oo ZS Xtt
•CUJV U => _JOOlA_J< <2LU •— LU U-O.
— »-o » <u.ra<o >«-'UJ >-a.jtoozjz >-r r ZOroZ U-lX LU<—• LU
o>-»-< oo<\ji~« O oOj _)ujO ooors x
_joo«~i <rt r *-»- 1 >-o <OUJ <jtUk
UJiihUI
—i KOOKa X O LUS S
COOOOOO OO HZO»-h ct> -»-
ZCC«t Luct-cr oo <\iv>z LU_i^( (XUI<<
mO^a X<1< OOOOC xz • OXXX
*Oi/»- »-oo ac«-au i-CC u. »->-»-





































» » UJZ o
**•— > o
-UJ- ztuOKH •-a *
O*!*' < oOOh LL.CC- LU —
.
LO o»- X M
«^ * •• o ta*
rsjfvj—
-X hs.
0,-i or a. o
••<*' << z •»
— rs> t-or < M
ooz ooC —
1
o •— - o O0 wO -H- 1- «-x o >-—
.
if»^-l— coxae oc owC zrruj <. *» •
»-<LU •X o ooru —• KC5 o-<zoz LT»^> <l cu.O UJ — X II K r^pyj
•-•QC-Ji-l >o«*»- < »«..





X»-3»- II —ctoo < <GC












LU CO t-H/l T
a r-«LU II LU -O II Z NZ <i









to UJ II a: n UJH
LU Of <-• LU(M — X <s
1- LUC ID -< •-c-
X X<I jt<r rr »-co






X » UJ •— a <.—
LUQ CO <r UJX
LL QZ rz X UJ XO.
O X< »-<i K «"» > «I
t- ^h Z (\J Xar
CO •-LU Olu n p4 UJ OLD
I »-o ZO X 1 I ~0
U- <X OS —J - JtZ
a _J»- Jh LU «» Z-o
LL &*4 M I LL U ID
a. Qt»- ffC - a o ojuO o< oz < atO
z U-_l • U-D • LL UJ CO e
—
«s LU -JUJ c > t- QC
I • UJIO LL' O ^— »o
UJ cv-x ot-x > UJ o OfCO Otth- OtOK < X 1— XIZ3 uo« o<*- o K o ca
<- Zh LUO x<t
1—
«
»- < i- z ct LL c ar
coO Z(^J ZcoO < o 2 OC!
UJZ <U) <LU_J o »- ZO
t-O oczi tt"Z z X <lX
X_J o«-*>- o*-»— LU >- - a.
z <llx <u c _l z CO >ID











LU UJ LL LU
h- »- - X
<1 <. <. •—*
o o o -
• U.' UJ
o rva a -
1 a o u << oK< z »- »- zOo «flO<I













ot t 111 « < <3 co ii i»—
«
Z*J XCNJ o o »—
-
o u.
•-•s Dl-O «— —
1
CO •— LL/>-<
»- UJ < LL LL > >Io xzo »—
i
1-4 < K- »
OCE mmO »- K -J •• Z
_J X z Z z COLUn
U.O c •» UJ UJ < Of-*—
t UJ Zllii-i o o Qt<I>-3 •~*-o 1—
4
•— Lb <roti«aZO co< z OLUX
•"•_! </)•—
3
z I— *1 a. a:
-J mjO a z _J «lUJO
(/lO •— UJ o i-cou.
•-"U. HO CO l—l C < z
<zo QL CO X oo«-
*-- r<z #• LL z oer -
<co a: o UJ > < UJ X _J






Ollcj o • LLCOO




• •t-LL -HOa: < • • CD CO
COCOfM «to_jui X -» a: 1- o
Oi- OZ %r : «—
•
UJ XKOl
a_j ii » -» — •l CO a. co
< LUt »-C X - »- >- X ZXQCOS »- o»-<z o z Z z tHj>-<
»-< <Z-J< OC x> X X UJ LU
<S X QC'-'X U. o o o X <COl
i- a: u-O o o o »- hOl-




-1 »-x UJ t- •» » OC o<o
»- *— <c<- -J •» »- K- o oz
< LUXO ZZ-II- -J KJ fr •h LL UJ «3
X o z o«- < •» KJ M X_i
ar < •*- >-">— •• » o CO *» «-» CO c-Oco
o oczo »-<a:rn ac CO t- UJ QtUJ
LL h-0< •-OUJUJ oo UJ z >- h- ZHO
»~UJ WJQK UJ > <r z o UjZ<O l-H-OC Ou.ar< z z (X < z XOqc


































^ -< 22 *4 O <
O -Cm —• —HO »— —<>J-t-t
uj o* o 2 o
O OK • —
•
UJ *^ +
Z * —» z x x
uj —X.O O » O hOh
a O*: »0 —• cvj ui m*-m
uj z*ir »/) h i/> *-• h
j_ u. <«»,_«-. QC ^o*^—*—. »-
?•— U. —
.
H O UJ * UJ h-OM^S z
^x. •-• —*v - •-•»- • > • Q- m » 3
O • O _l_J » Z—• Koomc. <-«— Z P H|«l «—m o—
omtv. *>«-m DiC i/iuj • • **s. h II _J O O «» • OV»
Z • I o mooo • O* liihOI- * » t/> O—« ««QO "0 •
o z o o o*- t— «-»o in u. ^ix hhoh h ir\
-hi- o o I «*«-• ho - —u • —h o — • *- »m •m«-»u» -••—
^ar o •— ir>u » — >o — r- —•-« — x Xh»-ho oo
O »3 UJ •»—>0 » HIIHNXO »* O » Q. HZ 00 •• UJ MwO^fVJ » O »
cxo «/j #~»hcx it *«tmox^ OX O Z*H-OXh Z p-*K •*ooxzox
mmo h mm *—Hmv.mmw mmn >— ^«z>-iir\ m — corn mm
ui »^Z on _;.j »vujc^^n •*»» »s^ujh •v.* *»»-w »v. •* x K- .— M h ii »>» ii »><
~sO«- UJ <— >0*-w S<0^) ,»«0'-'K 30^)wH to »sj O«o«- < m «0«— >0*~Z—K II - OlO-HZ II O-^-K'-KlflZO^H^ UJ HO—Kill m—^—•«—KK-'h-
~UJ< ~ —I II LU<-~ OHlllIi<UJ<UJi-i^UJ<i: Z II (\jZOJ< (/) L.^^wUJ<ZUJ<hi-r^ a. H-Kih^mt-Hhri-ri-K ii i-r n «-. a. kxiio * -imumKrDi-i
Z>—a:0 X J^-ocZO mOm^mq^Zhm^h U. hZ ii moC O O mwmmQCOmoC
cofoo c o-aoooouJuofoaoiLO^tfOZ ui oui arcxz o o— u,»-aroooro
OJtLL—> O Q02u.U^Ch^Xu.XU.MU^2U.X O NK3l3u.ZZ -J Oo—'C Jt u_-3 3tU-
h >i-c\j mo f- o 0«-« ^ co o ooO OO Oh -4" O OO O C OJ Oh oh oh m o mm O h a o
m m m m m ro
CJO OOO OO OOOO UiJ <JKJU OO OOO 1^>^J <*>L>
92
c\j r- rvjm <4-u"v «cr- od O- Of-* <\jm ^- ir oh- co <? Ot-t<\jm if\Or^- od o*0.-«f\im>*-irnoh-a;0'Oi-«fvim**in»Oh-oo
ooa aococroD<roocDCDOx O,, 0*0< C o^o cr-^o v,'00000000^«^«^»-4«"-i«-*«-»«-«»H»-4f\jc\j<\jt\ifvjfvjr\;fsi(\i















z f-t oo — ar m
x •—
«
m a: »- m
• •—
1
UJ z z k^









» *. o -» u. » UJ — ! o .—.
ro X a. ^* o tsi— > mm >*
•^ •k o UJ —
»
«v z mm UJ m






» u z • o —•v «—.^ z w
» z (/> UJ r\J CO n *«v z l-KJ UJ U.
z X ac m ten K ^ » N^ CL




^m 1 1 UJ iX a. X u. « »- » z f-4 • UJ —
.
U. mm
r^ l UJ » u_ DM- z w e u »o a • >^»^fr\«-. u. ~*t—U o o o ta* mv 3 < Ma.^-1 o-» t-i^«mv. <—
1
ihitiv
z u~ a o 1 •- O— II X O.U. -JfO ^ •-< » O eg *-» »C2 Z"v u. z •-I »»m UK. 1 D«i- com O* 4-wrn o-f^m
.-•O- z • o z a z-»a. • "^ •» * -J KJ M u u. • o U QC •
z tf> * z ZfM o m^x < —• • »-w •-•mm o z «->! O




o «>m-*«-iX ao UJ —
m
u Xt—OU. -H + •» u Ufsim QC x~-***u. u **-mu.
c-*o o •> Q •-H t UJ n «--.-< •• —1 » cr » < Z^"s. *-* * || «~«~,-4 * UJ II—'^4 •>
uo^-* OX cc QCO «/) (NlOoX ox^ox a. Zos U-UJ mKKiox «/) ^•u-oxZCV mm c UJU m mm mi^ZHin in «-mx. u m mm m mmZ »VUJ *v. oz oo •— II »\u.I »^ZJ ' »*v KJ »V. >-z *- II II »*vUJ to •— II »>^UJ
o*~z^^ to QCZ UJ ^)w3^>wO^)«-' </> <0"-» <UJ «0~0 UJ •&<-=>
II >—HZ«-»- »- o »- H—|-Z «-»-Ui«-K Uj H*-K a. m—«KZ K f\j—.—kZ
UJ<>-•LU< <X N z> ^rjuj<—uj<->lu<. z LU< 00UJ ommu.<«-i D ^,^-UJ<«-i
o»-x*->-x UJ -J a. -*m*-X»-»-X t-X »— OlKX iCLL HfnmhiK a. rtlflhll-JmOIZmK > _J— X l-lta-OCZ — a: ii — QC LL Q-— QC OU. > ccz. X ——ittZ
ZaCOOtfO z <z c O«-0COOQCO QCO UJ rxro o-« C—^QCOO a o—ocoo
ZJlloJu. "* oz <_> Oa2U.U2U.^3U. o NJU. —a OUiULlltU u oaJtu.u
Om^O* *• o*-* —< o> fNJ ^U^ irrvj
aooo o •-••^ •*) o m* ^o r~*—t
t « »o r-» 0.-I c 1-4 o O^-i Oi-»
m m m fo m m
oo ouuuu uuu uo uu uuouu uuuuou uu uuu uu
93
(rop^f\jfn^if*^r-ooo-o^-tf\irnir>>or»-ooa'C>r-ir\iro^irN»or^coo , o^»f\ir io^-«r\^)

















—. • V* »— •—
•v Z >v <~ h-
<v o * <
_. .-. oo o o
CO O OO <J>— Z LU
-Oir» oc z < z
<\io iu zmO* O > • • LU <OK- Z MO Of CO
* •- *- o~* ^ ll r-
QIA\C _J » Kl O
zm •• <. O>o a. >- h- —•—
•
<»-lT\— x O*"1 lu h- Za.
•mo qc z * a. «- c •~>a.k— rvjfNJ • lu Zm 2" _J C 5T~Zm >-K »c X •> • lu Z •-• ini>-3m oooom #00 h- c\jo >- «-"• co — » •>
0«— lulu »k *~ 0-< —,~»x »— <\j——ZQ.
^0«-»-i »—t-OO *»v U. »viu. X t-t-t- 00 a.,-tr\j»—a
»-Ct: ** • O » 3 ZZ oo IUUXD
I -»LL— —LA —X X 33 I O LUKJKJH-*^
* n — »>>c «r» r*-'— lu —mm >* oo a. h-***-^*^
c it f\jr*-x^ »m «-• oo Om^v z oo<\j •m»$-in»cUif-0<tnOX« OX < UOV — • ZZQ. OO LU>-*-»->-
zmif>oir»^mm—' mm^ co zm>v xz «— -*x lu Ozzzz
Zi-im* »V. ••v.jNJLUfM »V.+ Z »V. O *JKLU h- »^-i-.wtH
—i ,0«-<0—>-30<0—'(M 00 wO» 00i~ I- < ZoCQtQCQL
II O— II •»H-'KV)ZO»'»-* LU N*»K LUOO II II z •-a.QQ.az
C<nj uj<uj<Lu>-.i:u.;<x Z ii lu< Zee m —. x a:
c\jir\i-po»-x»-XH-»- iin ii -• kz i-tLu zza x kjjjjsO ooO»-a:—ict^ZfNji— a<M u. (Mwo: ll> mmq. —> «-_j-j.j_j>-0
ooiuuo:otfou.o^aoz lu ooco luz XX3 -j ll<<:<<luz
^CKX2U.XU.wU^3U.)t: Ci N2U. Qh N-H-h- LU -UOUUCtUJ
f*- «© o»— r*- m co
* ft oo «-i m r»
in o it\u\ o cmm m
uuuo oo ooo oooooo ooo
94








































z oz «-^ O
+* LUO -
z _J~ 3 a.
Of *-¥- n o
UJ «->< QC K
o H-O CO
z zo 3 LL
«
»
o LU_J oo O
t-l u
u •LU B X
Kj z »-X OO -w o Zk ec a
m —
1
LU • LU LU
>- - x»-z > o
z <l 030 Z
•— X LUO'— « »
a OC 00 00 s
Q. o *-0C
LL OOZLU X
LL z »-•-> o »-*
z to* Xecz oc o
taM t— a — LL IVJ
*-
-J3 < OOO oc K
a: LU 3

















































































































z -J»- 3 CO
of *-*- O <t
LU — <; OC CO
o >-o CO
z zo 3 LL
-» o UJ_I OO O
<\l o
o •411 c X
IV; z -X OO h-
«» o Zl- oc a.
** «— LU • LU LU
H »- x»-z > o
z < 030 z
•— X LUO*-1 M 1
oc oc OO OO t
a. o h-Oi
LU OOZLU X



























































































•—w inj <\i r\j <\i fM <\jcv r\j fMrom enc >m f \mmmm •$• vj- >fr^ v*- >*










































Z >j i or




UJ —»- LU l>-
X or or
»- CLU. •• 3 X
s o UJ »- 3







z ^* uuo 0- UJ Z
^-i z _!•-• 13 a •—
T or -- O X X
»^j UJ •—<l ac UJ
o »-o X i—
* z zo D u_
z o LU_J vO X o
— L_' -^
X 4U c X X
1— z KI CO *— K
«— c ZK or z o.
in •—
<
UJ UJ t— UJ
- K II- > X o
z •< OD z
•—
i
X LUO MM 1 I
Of. CL CO • s
a. o l-I
u. coZ»- X z z




z »—i XatLu or X X
1—
"
-Q-C U- - <VJ
»-
_J
D < coO ac h-
a UJ 3



















































ir\oh- cooo *-* c\im -4"mo r- cooo
f*- h-r- r- f- oo oo co co co co co co oo a>o
oooocooooocooooo
o • m m
-<! 1
or •» c




>- "V a.Z UJ*V o
—ii [ (VN
—1
e i rev CO
- h- *
X «i • o
•• cu. OfZ • • z
LU 0.0 LUO LU o2 u. a.«-* z o
•-« lu XcO •— LU
- QC luq: K CO •3 lu3 KUJ => a
a _)»- > o LU O •
a. _»•-* • • UJZ or X • o Li.










«o M Of or h-3 COCO -^ Ih oK -J UJ LU OK a or or K< »- o
Z »< > > Z< LULU LU "-- ar
—
1
e •- z z Lua >> o JD • < o
a- >oo ^* •—
•





1 l> 1 C <X LU CO LL
IXI •-•CO O o LULU LLLL UJ <U LU C oX or ac*~ OO X o o K h-
»- Q.Q #• LU UJ 3 - -J • • at
C Z UJ O o OLU LULU CO«I UJ O or arT
o <x Z 3 3 •-X OO o QtZ z LU LU UJ
z o •—
•
f- »- LL.0- TD —
.
z Luor M or H- »-
-» t—
•
LU_J K *- »-< *-t- X •—
•
Olu h- Z z
a. z _j< 3 z z ou. i ii i z or:»- O UJ 3 o
Q Of »-x o cr O zo ZZ » or oz o CO O o
2 UJ -0C a < < •— CO t*4 UJ iU-~< or o o
»- o t-LU CD X X XUiU.« M o a. CO o
» z zx 3 OCO.XX •-^ z Z z> K -J -J
Q- o Uj*- OO _J _J JDD c UJi—
i
CO < <
Q. o z < < _I^-»NJ_J-J » o Z CO z z3 •ujjO : X —
<
o*-> << X •—>LU B X or or
PSJ z •~x.~ to Of o U-Z X- !- z KCO CO »- LU UJ
w o Zl-co or Hi < OQ.0CO V o D< CC o. K \-
vC •-* UJ CC UJ X CL LU<CLLU< 1-4 <— OLU LU LU Z Z
»- >- Xh-LU > »- L0 XX3XCL or K CC > O M >—
•
Z < or> z t- >->-oo LU o COOT z
«— X UJOZ *— 1 1 > -I • w o X xo >—
<
1 1 1
a or oo •- B —. <--* » or or COLL s
a o h- uC'M^x » o o
u. coZlu X a a O>hUO0DX U- CO»- X « o
LL z .—*- or o a a. o»-<c~*eo UJ Z ~z o «-— o
z ^* IK- a 2 3 «va.^)VH z fc«* XUJ cc w. z
+- »-CL>- u. »- fvj •V.CO v^v •-« »-x LL o z X
h- ^ vO*»» -O^x.—
.
K _J3 < CO ~h- »*-K «^4Z 3 < co
a or. K lu«ouj<p-i »or O or H-
QC UJ 3 ~x^»-x «m3 or LU 3
cc z a. •- OT h- +* CCUML h-o CO z Q.3 UJ z oro »-orrou. *ujZ o UJ Z
co o »—
»







t-puf >i ir»>or^cX/CrOf-irMr^i>* «r\>of^ coc^o »-hcorn ^ir>
CX CT CT C* fT^O O^ 0'Ci.'L/UC,OOOC>Ohh>-••-•»-•#-•
cc cocoooourcouccoococccoo
r- a>c o «-» *m r<"t »*- ir> vO r>~ oo a o *-< <vjm «* itn










* fNJ r\j Q.fr~
* a. r\j LUiC
»- tow D *
* to O X
» <\) fr- C II
fr- a LUto-—
.
it tow c CC V>
to—
»




tow to a.^ —
»
QCtoHto.
•"» to-ir\* tow toii— a— •
o •-K iTNfr- -} » xm
fO —00^ •»» —
<
¥«-• •—•»-«
— i-«QD » 0<>J- toX-> fr- x u_X —* toX,r-l^-» toTsJ «tow—»co
—o— ••
<NI 1 ox oxaiii"
->CD 0<HHOZ 1 mm ii rr<rv«JX«-3 to *v **••-«
C?towK- »V. toV. || • XCOLU toX. »—
towtoWit »£«— toWtoW,^'-' -?— I) 3>0«— *0^
00>~ «-k wk tow || || Z~fr-«-fr-ZZ II LU<trj II LU«l<Nl«->— to»LU<UJ<QC
























CM oo 3 u.
0£ LU< • ct
LU <IO z 3Q fr- 2 to
Ct CO LU a
• C <xx o LU
tow Ch X
tow LU Ocf LU >~ •
tow X LULLO O z
to fr- 2 h- • • < X o
fr- Oa LU LL. o l-w
z et towLULU z CC CC •-3 z coQfr- tow
_3 LL <O —
*
Lua'« fr- to fc—
»
o z COto 3 to >
tow Of tow o X LU UJ
to LU COH-3 ct a CC o
*: O tow(_)0 cc Ct 3
to z LUUi "" U. »- a
to o LUU.QL to < a'
fr- o Zct LU to ct <
to towCOt s X LU QX z t-ua to »- a. Z
«— a 2 CC a X <
f\l tow oz< LU LU LU -
CC fr- QCtow > c »- to
LU < CO to z
o X 3COtow • to- 1 1 1
a: OC tOto- Q tO o IC
UL CO<OX X *M *to
UJ z tow |_tow|— o tow towZ ton X<IXlu cc •V «_» wC
tow fr-Qjrx IX fs* 1- to
fr- _J3 < toO a: -
CC LU 3











r^ od o^o »-«njm >*•m »o r^ oooo




































































O LUT5 »C Oh- ••?*-
»_ — Occ«->ifv
< — *— • UJ*"H
X O K-J O.XLL
a. fri * *w »-x*~<%i
O —
•
»- ><— »-— H- XLU
LL K- * »-« •*-—CO*——CO —OK—
Z <-• • a.Lu«^-3cc<~-:aD c~*~ ^o
•— Z«— I ~* mjx«>w3 ^v. -4-f-i
0«—K M M • XCO t-COLU »>. » •+-
< co ^ m ii ii ii ii z«~*-m»»>- z
C£ Z II H C\J«(NJ—»»- K mU1<»-IU<C£
LU LU -* It ^XOO——CO—hhl klD


















COO 1 CO •—"LULU
»- DoOh-QQ •* <
LULU« L5LL<n
-JO 1 O »-
-JZ5LU Z LU




X co xo o
—J-* —> LU
»-<l ooOocrvj
r Too Zll> •
ooco- <«ic
ZLUZ OOK
— <t Xlu 003 z
<*-•— LU <X
»- CO CO •• »x






















CO Z jt CO z»~»uj*-
z O LU >- <ozz
< LULUO
-J QC m-LU
cc OOZZ < KOLLCt
t- wU.' z t ZLULU
OOKOO < OOLL
LU •-OLU U O LL
Z lOa LL XluO*-








.-.r\jni«j irv»o<> coo^Oto-frvjci^j ur>triNOf»-ooer Oto-icum<4 ir^coc^o^rvjfo-^u" «Of^ou<y<o»M(Mm^irv^r,-cD
croc cr ocqd co oo oo oo a OCT a-crocaO'aaotooootoo »---< <—,-< ,_•*-« *)--» -~:-.:f\jf\ieg corvj cm <Njr\jr\i



























o - CL »-
UJ < CO z
z UJ r>
to-
•• UJ ct o •
u. X Of Of on
UJ < Z) o UJQ a V- o -ICOO < <r?Z o a CO z
•—
i
CL UJ X atoo
UJ a. a. »- ujo:
a: X a -*-•








X -> -*. 3C to- to- O






































































»SJ < • <©
o • UJ (VI
to UJ o
-to >- o z 1
lf> z z UJ
f\J UJ UJ or . -1. —
1
*— to- a. •to. mm UJ -^-H—»
«o CO UJ z-*** u. <tv
Kl z u —z * u. <— to
< -to u_ ivi—m to— to-m
to or x^ to— >c • o to*f» •AM ¥- X to o 1 (SIO »*iviOino to ITi to-l o *- to-l
<NJlf\ —to to —toto— >- —.—.u. z X— -.U.
«-«-:
—tX (M CO X—ifO o *o>*
*Jr>-o o * —
1
QC Z+O «• o —tKJO »0-*KOX to— *ZOX UJ II OX
ZZ<tNZ«lro 1 u. rH «— *$"<«* CO to* II >*f^ao »v:1 toV || too »VUJ 4- *><
to— to-o»o*- T UJ z >o~r> UJ to—to^)to-
COCO—t-0«-t-f\jX h- II —KZ - -**-»-•
ZZUJ<to-UJ<. 1 3 o-~u_<—
i
3 — 4-uj<
ujujkx KXX II a. ifiZKll- a. U^H-»-XXX i— OT II to-OCX X —to-0r:z X — .-. or:
N4*Narcxoro ii x o owooroo o ONttICDOJli-IJU-IZ o ON2U.U o QMlU.
-H f\J m© >t
o o oir oo o o r>
* »* * -<•
KJU uou oo ooo oo
100
cm. —*c\;m** irivor^crCT> o^-fMr»^Jirv>t)h-aD<^0»-<f\jrri<4-i/>>or^cooci^-'f\jr<')
Csir^for -mrrimmrdorr*,^^*}-^ ^-^ ^-^ >$>$ minininminininmir <£>>o>o«o


















an u. r^m >o«r) co u_
f-l C •—H-f «-!»-« Z O
<
o c cc oo oc o
»- Z hh >-- K Z
•"00 «© •—
C—» Zcr co CO cn<* mCO ror- u. Z ro<t
t?Z>v Z«-« «- CC rg^ fvjCO <vJ*-» C Z <M.-»
2- —•_ _
—wr^r-iCO —C —>— OO O OC O —C OO
or- •uj»- z>*»- oo *-»- *-oo >->--»z ^-«uj ->-
•rviOZCG Z » • • • • ZUJ *ocC
c «-"Z» o mo oo oo Ooo ooz» z- oo
•<«U.« »C — •-•C • • OO O • • CO"— * «- » OC
h-lT. »NiX >0 Uj»- »-- kjX isjXCO » OD—HO *—^—lO—•—— -(3JH-"» 00 0D.-I—'—
•OX-HI OXI • • XZHZ • • 3T3T— r-,—«~—< XT"
— •4-rOi~«V. ••4-fO • —.—.+ • • + •-»—.+ • »ojv. mv. • •
uj z »v. »^uj »v.lu "z.~z \~\ii y-'Z'Z »-uj »*v+ "v -lu
C Z>0«->0»-—lZ«0«—-JZZZZO—iZOZZZO_J«0»"Z>0—ZO-J
Z^-——K— »- •Z—K- •Z^—Z • »Z •~*-Z • ••KZ«'hZ • »Z
_ r-uj<uj<z uj<.z r-r- ~z.~z. zr-r- zzuj< lu< zza.
>- ii NhlKlZ M hZZ II NN M ~ZZt ii Z*JKI ii ZZt-Z M >-T tl Z?Z)
ozu.orcarou.ZorOiLZu.uZu.u.zu.u.u.Zu.u.aE:crsJoe:ozu.LLUJZ
uk >-> jl u. 3 u» <-•Z XU.MZ ^-i-iZ •->•—Zi—•—•-•Z *-••-•ZLUZ 3 U.Z *-»-«uCUJ
•~> o m f-i m «© oo>t roc inor- »o oorvj to m
in oo O oo O <r>—< f-u\i #-••-<—* •-< <—
•
r\i
r-> o •-* o *-i
OO oo
101
>j {vjmr-cocroi-iiNjm^ ir>or^cooo«-»f\im<4 tn<or*-coo o^csiro>tLO>oi^coo>o«-4f\jro>*-ic>or,-cooo»--»





C5 a CO12 Z LU • —>—•
-"• Z«r 1- O KLU • Jl
_J Q <T ZO 1
Z
ZZLL! D»-
OTOLUZ oro LutocDor a mmZ LLOOJ< O i_>-jDlu«iC 0-J»- »0 LL
LLXCC Z o«*o «itOX »- Luo-o^itoa: a
or»-*Lu LU LU Ct COLU KCO X Oo«-«<LU
•UJXh to O CLOT XQLU 1 LUZ K ZOcocXQ.
or xlu< o LU < OZ*-Z»-CQc0«i Zorz>-z»-D
r>K_Jar X X or ZLLLU <«33h LLOUJO'J«O LLLU o - h- •— luk orco to 0«-"Xiuo-orLu
LULU Q. • • <C2oODLULU H-CO »-H-XZtOLU>-
—ICOUJ to LU c to "S.-Z. DUCLIO Z<I l-«t >•->
•• vJ-Q."— tO 3 X »- •—i .-.LU <LUUI< OOTLLI HOOT
z 1 *~
'
o - X lu >*></> orco<>-0 t-UJZKZ i
o (TK>-LU -J o K IO«I^h LU (-aoz<s<;v
•—
•
U.-J«—UJ _J - z haia X lulu CJUJ UJmVIUUj
K ^3 Qf n CO _ z _l OOUU.7I 0DCOLLDV)w<rlO aizi Li. z O «—
.
x: coat«-'<0'—k OQC0 cc>-
z a. lu>- •—
•
z OLU< OTLU *- LULU LUD«D
=3 »-»- o <1 o to OTOLU>-»- ZZ5LU xxzcxzuz
LL ft>0»-0 <x o a. or ll <ror _jluznnz KKOCDOOuwOZ-Z < to *— or«t_jTLUi—or»-H K3 «-"•<.
to O^oc** LU LU < »-h- <r>-cuc9cDX LLX>-COLUCO >
• KXC or Q or a. 3 ioIIiuOof • Ol-O X 3LD
LU tot/* D <l LU or Q.COO'-'K K OTtOLUUI •-COI-KLLOO
z tf>«—c0„j kJO < Z»-r5K<LU »-Z ZX X O-J-J
fr-4 a:Q<u z o<u K •-•XO <l OC CD LU <l LU •-• O LULULL JO
h- m Z < LU> «J »-orz x o_j wOIZOlLKQ
^ >J"LL •-> ar _jorto C < LULUKf- » O hZI- D O
o «OC • o LULULU KlShllZ fOCO •-•O LULU-JKI
*• OT tr a;0 o to*- or LL <ZZKt-»-'Oc0KZ zcc»-xor<ic>-
OD 1 zoz or zo O oolu< ozto or »->CO«f»-D>ZLU
O >to<< CL tO*-»K jarZ Z Q. <-• Deo LU LLLL'X K Z
co r\j*-or < < or LU<LU O Z<»-«X LUQCK-LL<ZtO
>-*-o Z Lua LULU X LLZ Z»-«OCOK oor ozluluo
to o<i »- • i—
•
co orluxe KCOLLLULUOU. > I O COC'LUw •—
»
moo to < IDO-OI LU h-X Z «-•LU CO -JCD ZOOO-DODZ
» X ISJMI-CQ.UJ z HkUDD MO.O|-Mt-DJO < C0OXX •-
- »- -LLUDZ cl<lu<z LUO —Kk —IZCO • • •—--J»-»-Ot---J7 _J.— »_ — LU LUCf>- s^ -jujzo or or <r< or ton< <-
=5 o <»-LU>._j X Olu -'LU <coXo.Olulul_> to LU C0Z LUIL<XDO - orzz llo »- CLLU»-«X t- KOTZQh- Z« CO D LuIO h-O
l_> tutu>*-'0 U-ZX*-»- lu oarLuu.z<x D <co^-^- co
•-• to ZOIhl z Xluk^j LUXLUCLULO<fLU>—l- OLUO LU«-«ClU
» < uj>-<KZa c >-- 1 z»-oorx Xco LU QZIv LUX
- c <luiu or •-i zclklu kcoll X LUO OOLUCOh-
» z OCOOI LL 1 1 t- •• t-coO t X • DO 1- I K<OTD
Ki o LUZ —>t- z CO 3LU LUCD»-LUZ< »-LU »<OLU LU




Om ID z<hs>t or ZOZLUX-'LUK h- h- luOf- h- •-« *—
«
O CO or> i-toi-'-a: o o k-t-iUJ CDKZtO
> <l z>h-o 3 *-• *» o > CQ_I • 3JOI-K LL <JZK O
z Z tOC— z a. l>vl »- <-*
_J D<ZDIOUOIh XO«-»OCOh-"-<
<i ar mhUIm z < cozctuo oorco CO t-OtLZ»-i<K •Z O - CK —
i
Z <•— Z<coZQ-i-«cD LU ZLU X<5LU
LL co<<do < co co*->Lu^or <r K lu oro co co>- •—
>
LU Z «->o OtO LU >—Q LL OLULUOTQ O H-LU LU«-> >or
z •—
•
IOZZ- I LL IZZtUU-t-IIh-Z z OXc^OXZLUO




< Q <o CL o-< >—
1
a LU X II ^ o
CD z
--* II LUd LL. LU< f\J Q













CO aoO LLLU CO
UJ oz LLLU
to •— ^•z





UJ Oa£ Z 1
oo CC UJ oca.
"*-
• • X LULU
UJ L ' XX •
a z z --CO
- 1— <rtu O
»-
_J UJLUO
UJ X aa jti
X o o~ Q.HH
-j a. »-H- ** U_i
< 00 _) t-UJX
> X zx -JK.
to •~X x>-z
X •4 x_»<r




X X o»- Z<co
x h- X
ou. U-U <
12 X HO *-jtO
Z • o
**>\- a 1 10? u.
•— Q. •—
•
U^- o h- «»»
U-X UJ z HQO -J X z
—1 o X
UJ< < u o
cct- o *—> o
o< * ^1
U-O t/> - »
UJ UJ ft -
00 _J z KJ »
< -* «~ KJ
eoZ h- m »
•—»•— X CO <
COIL o CO o
UJ a: X z
































o o xz ii
rg IT. Q.I-.
*» w - •-
O u-\ Xco >




» — Z_l *
— o «o >»-o
o ITI j»0 o»-
IP w or —1
w r- -j at *»-





» — —1 •J—
1
•» z
MM oo LUUJ CM r\j «—
o ir\<\j X-l —
»
Oco z •O




«o KJH #*" »- —* » —(CC I
KJ-
_J Z--0 o< 1
o * • » X x<F-i • -J»-(\J m—
*o-»— z o ^-o - ao- On
«»oo * o w.^^ z •-•<-j^ -J*
o»'ITXNI oc ^^ KJU. X > r-i
ITtfoww —- o » O i-«fNJ —•• *<M •Z
-"-*HO K- »U. p« «". » u m *-^z t-^"—-
KJKJKJKJ OX hIINX •—com oxcjy—' OvO
o»-<iri" z»-«om i^m—i^J -jkj
ZZ^'ZZZ ir'v X^f-iK. i i I HHfO^OV n IIOOOO II »X 0«-i •'v.uj OO »^fM II um II UJ
MMMt-* ,o«-. O >0-»X«-««-"-"-l—i I >0—Z XZ Xi-»
COCjCOCOH-wK •x—OO'-H-Z «—k —z —zo
ZZZZZUJ<- OUJ<>— II II M II II wllJ<ON«-Ii.)mJo
LUUJUJUJXKXCO IIHKI h- KX^ZK^Z^
xzxrOMa:i- i-ictZnfNjrn^-ir* n •— oc ~z «^z ii n oMMMMOtfDjrOtfCOOOOOO OCOOOOOaoC II
O OCOO*)ZlLDZCjtU.U-l-JJ-iJlSU.ONUONJUZ)0
*
k- a r-oo m o i-i
O r»" OO O ^ >t
u> <cOOOOOOOOUOOUOUOOOU UU OCJ
103
— con>**LOor- coa Oi-ifvjfn««-iri<£)r*- cooo.-ic\j <*>>! Loor- ooc>0— c\jri>i-Lnor>--coo>o.-4C\irn>ttn'.cr- 00
^^^^^^^^^r-Ki^f^r^r~r^r*r-r^eoeoercoouePoocDcceccrao»a<^ac>o> f>froooooocoo
CT CD CO CD CL>CO CO CD OD OU CD 00 CO CD OC CO CO CO CO CD CD CO CO CO CD CO CO CC COQOOOtt oocococcooaococMT O^C cr(>crot>











» o o 1-4 LU
•> Ho o * « •%
r\l cox —4 w CO »-
M4 V. KJ • LLi
•> »«v o o -»f-l CO
» H«s. »- -A «^z
or Zx + li. ^a 1—1
<\J LL' in o o 1-4 »z *
QC c*> z •> o — Q. » m LO
w-t hOh X f< m —
o
» •-•- z •-4
>- o »4 » • «~ *o— •z o —*
o z -> z (MO 1—1 «-«— x» II 3 •—
•
t- II O ii o Oh e IsJCDV* -» • o 1- O
ZC-5 «— a. >- Zllcvh-. o— o«-« »-
o t-4 CTLU M Oct «- »co w* t^O II «->CLCfO CMLO i— — m* Zl- LOCMO H—
»
» »z •-.* -4 • z «->«n — »OOJ o
ooo 4 —z C ••4 •-4>0 »--ooo z *^»—
1
Z»-*>4-OCi. o
— CO • • • KJLU OO 1 o o«— OHO«-<H z— -.^^, OZKMUJ
o >-»- ooo K o I-I-— z Zcn»-i • *OCOLL ZOOM*- ZO »C0C0 -»
• • • • Z •hW *4«* «-»«»» — z—•O CM •-• oUMTN M z^- • CM
o oo »-KLU => c\i* • OO «h£3 —» »o—oo— <-"••——.««,»
—»• »sl » •
• iSHS) _J_iO c 4- X oooo c Z— isur\t-t + II ww,H * CM »w«i"X LU
t- «—« • • • o O LU_J_Jw ox *-• «ox o*ji-ox oxm^-o -J
_) »« *«o -5 Z-^-t — — #—
•
~-co r-CCO II —cooOrci Hlfl l-»fo t-4r0t/>O»-« •
• XX+OOO (V >*x r^ni-ooeD Otc*v»-4occ it\n. Z«-> II II <v vO^COf-l'v 1-
——1 • • OOP^ II II ••V—
.
• «zzz< Z »Nk *K:< II *>«. LUO KV.LL »v.r; X. z
Z4U;h-ZZZZ4 >0— !-• Ot-OZZ t-4 >0«- w >o— DZh— -» >o—OO "-< >o-"»Z!
~ -JO w«».w hZ -"-I- • lu-jO H O || «~h>OU0 11 h-I-hZ II OOO-KZ wKO--K^O
COZ • • || OC GO 00 it Z -}LU<lTiZ • «0 II II Z LU<OCD O-UL <.*— —> «-»U tnaj<»- UJ< UJ< •o
•sj
-Z.-Z PsIMKJ 3 II wkru. ZZ-5 1-4 i4kXrH<HCKX I— ZLO»-i•-I-II-I-IJI--s:»ri-9
— || —
w
3— II O O— ct • || w— ^^ifMO II z«-«oc «-oo— oe ii z:z —^•-ocz **0L-t--CtLL—





CM i>-< >*• LO o ft o f-lp- 1 CM
o o o oc» o o
o o —* f-l«-4 — p>4
in to «oir\ >c
oo oo oo oo
104
oo^rvicw ir>«orw ooc^o»^rvjrn>*»n^ir^ooao»^fsjni^ir»or^cccro»^<NJro^-if>Nor^oDO s o»-tc\j^^iri'0O r-»*-*i-*~-i ~*.—1_»—%,-ir~ rvjrvi r\jrvjr\ifv r\j(\jcviC\jmo~»mmmf<>f«>c\ r> m**- >fr «t ^ >*^ <4* »t «fr «$ mu"*tr\ir<if > ir> ir.





































z Z o z Zh >- Z^-i »
<VJ CsJ to CO 3 »-« 3 3 z r> —
CD it «* z O K O OO 3 OOK «
NM «-» o-» z o«n< t-4 u Ol- o UhZ
— ^CC KJ Z^ z —. a.a tap« hH o — r>»-«
t-4~ o ••w >» t-i z •OUI 1 » •o >B4 •ocz
m z»---* m • z » moa. fM h-C » 0>OU2#
1 o -irgcj o«c o ^*-»«» K-UJ "J z—-. »- ^4—»-» 1- t—O
z • •sto Z«~»-<Z zocr •C0O0 z>t>t •—1»»-l Z*H«H *— »o»
«*M» ^rj—-c >* f—t OtfMfN \t\ » 1 -4 zir>ir h-roz o«o«o f>«-«>-»^
OOisj Z-»<CO
—» » 1 1 2T 1—'•—' r-l KJ * 2J»-<»^ KJ «0 z^<«^^ KJ • » «
O'fvj'vim mx II —"-' *»<"•X - H WW -I-Z II *»*• —•UJ^ X
-j _j«-' Z*'» • OO^N cr»sj>-^ mmo z ^^H-^- roC 1 ^•KjK^ cio—o
iwlfl rr> h wooo HNOZrg ID OOU— Dm m CO •- o 00 •<Csl^-»OOl 0<\|>OCD ifi^ZZcsi — II II IT> uo»hv» OC0 •—• II II ^3 «^h-Z •-• II M O> oo^-0>t^2Z< Z**J< II UJ »V. z* irujr •V. ov muozr? >OUJ3ZZ »v.ZZ m w Svo— II z !-»——»-o<»c«>»-~«—1 1 1 1 1II - »—D<ro ^^—.^.M300>Ow
It O || ,^oo |i cvjfVjZ*- »- II ounir* zo«»I-H II 0<0<0 zcou ooo ZCOZ"l-
H II Z OOC CL *: «-. LU <1 <N II t-4CMUMT> II i— UJ< • II II (r\\T\m II •""• *^»—t-*-t>00 II M o UJ<
fM co.-»<f\jO hhiz -*iim«—i-! f-_j»-Xir\ ^ m«-«»-« K-J-9 II II IT •—•-« "-_»*•« .j»-2:
m^csiiz wots ii z»-ia:z<sifNjir w^irvZ-j»—ocu.mf^«o >~^a3Z_j*-ir»o w«-oz_»w _j«— ct
oo- OOU-«»M»—
i
c oc oz (\j <n iriommu>o< a:o •co co inc r»- r*- \r>o< u. <\joo o*^ >oO< u.< oc o
22[t"5ZD*-CCflJ^uJu.Z^Jt»-CNh huUIU. ^^-O^K«- UU'-'^i-iCNhH UUwUlU.
.-i ro r-< ~i m •-< ITifOCsi
o c o o o -« O <*\w4*t
ft •-< CO f-i m -^ -t t-4f-4





O #-» (\J f^ »|- IT «0 f- CO CT* C • »-• <\l
O- lN OvO> >> >> 0^ON x 0^0x N O'
ooooooooooooo
ro ^t u> «or^ co o- •-• rvjm sr if «o »^ co cro •-* <M ro >t ir> «o r^







• IU • z
"V KO -J o
"V ujX o ft—
#
ft Xqc or *-
<\J LU »- <
to* 71 z h-









o Z <LU o o
LL, 1—
i
o -J z in
Kl 1- LL 1 ft— ^,
> D <C o CO
_J O o a KJ









to z LU »4 •«•
OC Z O X to K <
»** «•» <I t z o z> 3 KJ< •— ro<x c fta to to or oo «m
oo CO ft UJ o or o
<x
=5 ~or <_> LL ft>« ITi
»— ft* < <LU < < w
< z o oi- • u_ or a. OJQ o t z: OT LU KJ
• z C5 LUK 3 t- < ft
LL o » z oo>- lO z »- MO — m »- ft— LU Z ZJ < o
^> •» z z -J «-«l X o a m
Of Z m 3 or t-CT o o
LU => •-* o LU —at or LL «-4
CO O KJ u O »-i- LL -J O KJX U ft ft—
1
z z X <
^ M ** ~
*
ft c LULUO to z or ftZ ft C K. »- t_> la X or LU «>>
K, m K. ft ft*-Ll. ft »- LU cc (-1
'* ft *» ft KJ z »- s a 1- X IT
h- KJ —
m
«»» o ZctC K LU z 3
iir ** »—
• • CO ft— luClu >- O •—« z KJ
fO *-
—o to t- IUL-1 z »# •-I —Z fOftH to < O
_J < 1 1 1 m^
LU OS -fti-iLC 3 X LULU< X oLUC LU mo N-lKI < or tOKJo t K inlO
-U'ft— ft o a > z
*"* J-ft-iKj-.X LL. lO_JZ X «., 3 y-
_J LU » 1 >JT«"| LU Z ft-><lU o ft— o
t/~. Z Z-* r-l'V z •—
•
xzx or w K o z
ft* O II II »VUJ ft-
•
l-«fX LL KJ Z ft- oI h- it i >0«-3 »-
_JQ.2 =5 to
—I-Z2 3 < «/> to<or O Zmi—lu^t-ioc O a. h- 2




















"» o y- a










•-* O «-• O
—
_J O _J 2:
— •— x o a
—
•
h- a o u.'
—
— lu r x
<N C — T or *-
""J O V. CO - U_
•o© * ar x z
—CO ^ •— Z K <
—C><* C; a. •— Z CO
tflro • ^< co <t co
«v ••-* u. < co — •— 13
—'•-• * - D — co <
11 ll <t < o co 12
»** o O O »»J 3
—coco • f\l* < ll.
— II fM ULILXOOO
«-»Cv»r* — — x co*- ll x
-< • • co — -» a3 ex -» o O
K.'»-<C CO H •-• —— UJCO LL —«• I (—
•• • • D N o ^-< ec » - — <r a <i h-
—ujlu < * z • zz x —' z ^ui o x o
—«tT_J r\j—O » "— <\< •-*—— d— tu 1 >o »- o»-cc
— • • —i_i—— j~^4^'» CNK.CO Z»-« O QC<«-iK »-«CD
<—— cgwNJ »<\J
-ft ^l>slfvj Q£» I CJ» •-.KJCO'*"-'" CO^'»
KJ—— *^*J» *C^4-— » f* fsj —* * I—
—CJCO » •.—•.— ^ -f * XOC X **.»-*— X *—X Ki
lu——' ,-»»-•— x rot-4—z 11 »-•—•O'-'—'O'—oa cor^jr* coroo—
»
<_»-»- Z II >*ro QC If Z— -*—<r\j +c ^w —"-*vO »0 I fif-i 4>f«*>»HvO IZ I 1 0«—mv. luZ—^ ZXX mv^m^ .—.ci »v. »v. •
LU—— r-«Z »VsLUO MMUJCO 3r> LUf-« »^0 ••V.C- 0*0"^ 0^5^01-JH^Z r\J«0-»DflCO** «-3 • ••-«cOt/OZ,0'-» • <0»"»^ 11 rsj— M— ~»»-t(XJ<—0 II O-I-ZOO II II ZOOO 20*-hH-K U. II >-— j-LLisa;
































UjOq. q- —OZDQ 1- -*
Z«i»-uj < 00
a<a:z •
— OC»-UJ^- <r _|
<-• «o.a <\4 H- IIM QZa ~i < •-•
St O UJ o •—hWKUJ —» O —«—>>»
> I/O £C Cvj K- OV>-\,
* Q2U. ft UJ'v—
v uj<x_j w o a: >• *
** ZChJ > O LU» »f»-
f^ O •-• ouj—> •
a. »—ujuj3 » — a:a:*-m
lu coxa — —c-~ od^imQ UJ»-<t/0 f\J X"} - hXU.
at o uj ft *-> M» <«— r\jc UjXZ> — x »x xa:
1/>V>0_J X^—• h •-»-.Q.-~—-a. —c LU— »W
-0«--< »~HO-UJ«—~>X*-nX ITVfiQ-OOz X> 2" 1 —> + mj-wil— uj msiffi^
^ X_ljt Oil ll*XX»->->-)-UJ »V.UJ •*-
>~ <_J UJ HHWt--)- D<©— 1>->©«~
^ ac*->a: «/}cg .- 11 u n n u n z~\~- *~i—ZO C52R U Z^rsiiirgw muj< uj<ct
at O uj»- uj m — ^xa a. >~kx M-xr)






•—ctcjX rg tf\ so














z <J _J_J z »
** x<o o^*ot
h- t zo 1-U.LU3 <I LUH-
o >- ot oOCZ
ac cdcuj LU LU








Z JOJ ll. o o V
•4 <IC U.IK o —
1
>-* o»-z U.U X <
VI LU>— —i^-LU Of z
00 ZXOO OXI UJ <3 UJ 3.*- X •
< iuj«r Q K- UJ atO xu z «o z O
1 z> OUjZ u. •—
I
u.
z UJ_J oa« o -J
o X O.Z UJOU- o at
z <ujO CO_J a. o UJ
Cll coC o X o
LL ZU.U O •- • h- or acX O' " ' ZUJ UJ UJ O
K ZQ- <XUJZ •• o X
1 »-x*- t z k t-
o ujit >~ LL-J < < o
z Ct-uj ooU-XO O u. UJ
«» N* UJ«->af aCoo z at o ac
>- z -JZ3 —- ooX o UJ ac
z Of H-«-l*- ILO Of z t- UJ o
3 UJ 1-4U.< zzuj X Z co oO (_> h- UJ oOO<X UJ <
o z ZZU. UJi—>•—ik- X o CD tr>
— o LU< OOh-CO o UJ
» u •-•- 30tOOOU a. co CO ac
*- •COZ ODj ll o o 3
» z »-oo< •• >-Q.<C3 z Z CO
»s; o ZDU CO Z OZ o M »—
•
co
« ^* LU<~ M UJUl — UJ LL LL <
< >- XOlL co X-i<co -j




o ac ooO»-«co _j wu 1—
'
o «-« (Si *
z o zoo»- Z — X co CO ac
u_ OO CO <i CO-iOK CO CO CO UJ
UJ z i lUJUJt i «->CLUj UJ 3 3 o
z •—
1





3 < o. 3
o at o O
a. UJ I ac
CO z »- co
D UJ UJ 3










































m —•-• •v -5
cm oin "• V. *•> w
«— • • Z —x. r-l
-* ~4<r> «- - z M
t^i • • « KJ — «-* » ^-t
LULU M Z-HsO |
» O-J •—
>
1 «-KJ • O
—*-» • • —4 •H O K «»
mo—-
»
*l — I»J— fi f-4
cmin—
—
M ^-i—• NIL O
«-«-CMCM»- »-l o o ->
ISjK-"—Zh*—• zoxo * «v
»-»-3af <—OC^CMX — ^HZZ 1 1 Old 1 •^ •NICM^. »fO«-lX ISJoo—.oo t •s«os •
Ii H lOt«—
'
H ^O—w-^ 4> UJ II
COCOovw o»-X «—H- »- -JZZHh II M 1i-l—UJ<UJ<Z ••-.,—
UJUJ-"— —1 II Z^SL^T. Z "9tI»VHj || II HMgCwK || w |i 1 «-
•—i-iU.U.«-'< X f-iofOato u. CMOOmmmoZZZnXU.XU.Z»"")n






4^ I _h _| ^.« -* ,_4_t 1-4 _4»~4 —« ^»t-4*-« »-4ft »-< ^-1 »-<•-« r* ^-« t-« *-<•-• —« •-« r-i—* —t •—••—• r < •-•
- »- K
l-Z Z
z? sDO >* m O ~OO — o ^
oaf-»C *v O «-"• —*
at >^h- "V »- 4-
— o~ «0 CL - C\J C Of. it
n^ —
.
zatmes uj x —•— o uj at
«v V <at«— 0C CO -» —
»
•-«— CD «-»
— rv ~* w -. -4U.' 3: f\i — «^ + +Z\- X im
• -> i-t- »o ^ O 3 •-« v> • zac *o r>
so o — i/>oo»c • aiir<»zz- i «v >c— xr—^a zac u >
~j<nj • i- at luuj »o at Dv. Z^> Z «Z **if» • • lu X
~»*jc> at»- k-h-o • ctZ »*Z •> at • xcat ianoo ».co— X
<\l <-» O ^»Z Hh I UJ \r\ IP — ^ X i-»^» »»»i -4U) ir»Xro 3
fvj—
.u. o ©«vO • —U-O eo-*«-» «»•-« ijZ^ »»j » — u.»kj • -»u. • md»- o
• m .-ikjO >t • -•— Xtf> >•«© i^af"— u-> r*- oo — *~Z at
—
.xo » — * 0-»xo •—» Z«-Oo *X© » •*- rvjl—xo n-»xo »f\i «-• * »
>omox ic^ii^Ndox^ D-zoxroxn- <-«»^ » comox crmox*^ oot-i ^
^"^tvi co.-!*" «tN.r\jma; O f\irro<vjcn Z n ~^ -» -4-'vrvjm —,$>*com* \s> II > li
>* »>* • ii ii — it »v. »n«»ujoh h »*vO ««^atato«-' h uj ii z »>* »>^f\j v. ••v.zuo^xuj.*-
^"O"*!!! afac «o-'<o«->-3a^ >o»»af«c«— at— ••-« D r\ja£«o«-<o <-'"-• ^O'-^o—*D •**•-•X 3 •—
~K—>- -if-atatK^K'-'Kooz at>«~i- —Kat*-f\j —z«-"-"^»--'K ••-'K—K—ZO DZ
u_<uj<:—> «z — zuj<uj<uji-> ii ujXuj< ii uj< m<-««-« *juj<uj<zilkuj<u-\«-« >rO>-aKXki nDfOK^KZi-ri-K ecXkZ »-x ii ii nn«-kk »-x>~xatKX*-x»*«'»--ir^at»-m
»~c£i-ia:n—O too>-.a»-ci:~zatxr:«-ict:z»-Q. — z n -ct»-a:w«a:i—ct;«— z-j —z
ofOaro u-oCiuoaOciOu.o^DCa:Oza:ozoOCirco (tOiCiroroaiOu.o<OmociL.JU.n-'^CK^JliJU.'-UXZ^JU.ZJli.X^OCjNUOXjU.Ju.N.HiJU.-UUCNuC
^ O "4" O
o





ao r- o> 00




cn^S-ipoCt^ajO^—i rum^ ir> vO r» cdo
c
r^ r^ r^^ mmm co cc cpcc a op co cl> cd <r> o












-to a *"»"1 ~
Z O.UJ «v C
it UJCD «v •—-oo —.<— COX— ~\w
z — VN I3V • to-»v. to
V V. m rz * -»-J 2
»- SK^l z— >o -3w ZN • TO • -m^z
* O— rnivio f^»SJ •
1 X ~«>* »vi t—
^•-kc » I —» x—i • —»xo *vj
•—ccroox omox M*io »co
• ^'vfMroctO'vtMro h-'v^-nnfi
Z »v» ••viu »v. »>»uj >* »>-D
it >0*'<O—'CO»C"— >0—'3 «£>'-' >0*'^
— w»»-KI — »-*»k Z—-K— >-CZ
MLu^LLl<~UJ<UJ<i-»Uj<Uj< Ct
ii >-.c*»-qc— "-cc-iae: z»-h a:.-.a _j*-o













#• co_i c a (\J
ULl
—o u o r-»
z <n «,
*—4 ex 2 a. CC
K a: • to* a KJ
—
j
VILLI z u toO X r> Q _) -to
ex o»- 2 UJ 1 r\j
cc UJ Ci ISJ o t—
t
3 cox to- Q «-»
CO ~o • UJ -J <r
< z o to— Z (VI
z »UJ 2 vt - ^— -to





f-IU. a or o — .—
1
:* CO coo ^ CO LL CVJto,
o CO CO UJ CO Or CO *Hf\J
5 xa CJ to— J3 — fs:
» <l <o <1 X < rg »
- o ei- LL O Q. cc to«J-to
Z K QC a UJ to-43 o UJ r> u. < »- toto-O z ex 00 - z -toCO
o to- UJ>- CO < ~
'
(MM
to- Z -j X Uj O a ^-1—
a: t-o O Of o to-
to UJ •«z a. 3 U. ^-< to
>- u >-< U. »- o -j tvl-to
z z z < < Mto
o ma CO ex ex z —»pH
to o UJ I UJ UJ QC (\J«-
X •+- #• K a CC UJ f-«to-l
z »-z g a X X h- to-»KJ
to- o ZLU K LU UJ —1 Z >- *
t-» M UJU >- Q h- Z to— •to.
CO - X z to«-<
VI < Ouu VI 1 1 1 t -toto-3 X U.IX X r\j<
< a CO»- s - f-trvi
<£ c z •v«-
U- oO X am —
.
D (toj XUJ
UJ z <-Z o to-
i
^H C z O i-<





-U- u. fV - to— z Ouj |
h- —1 >-•_)
Z> < CO co< -
c ex K Z>~*Z
ex UJ 3 UJi—
OD z a. XI3 II II
D UJ z •-•o
to o »— CU.Z2.
au a t> Off- f- c
>o o <o i-4 irt h- o
-5 o ^^
(M rv
ouoo oooo oooo OUUUUUUUOOOUUUUOUUUUU
111
r^rvi(Nirvjro<Njrvir^rsjrucv(\i<NCvjrgfvirofviPOfNj<vjrsj<\jr\jc\jfvjrvir\jrjf\irjtvt\jc\j cnjcvcmcvjcmcmcmcmcnjcv
|. t, t i, I. i. I. ..i. i.-i. i. 1 1 «>ni t <> i» iti ! t, t, i <» i^:» it ii ii ii <» «»«
• O—
CM 00»-
•v — — OZ
— -> (MO »-0
«— Z t-4l K) ooO
^ -**- — o — ^ — xd ~>+a:~"~u
«-»v.^-»v. — ac v. oo v. iDoo v.oO^>-«-«
ZZ »*Oe » ,-1 "} ^,-4 * —. ^*<\J » 00* C •fNjOO »Qf •
x^ «»cm • O < CD • —' OD • *^< • ** »hn
isjo-"vIO »- M HlOO 00 t-WQ —OCKJO t OOO *
+ .-+— ^ -« <^J ,-t -»•— _t i~4# O
—u-z—u. o o— u. o—u. a:——u-o— u. kj
—^» wCM c om Oro «-^* >ir> x«"Zh •»*•-• • .-i —* » cm cm » «^o~* «-<^* M/)t-<
-oyNox —• x -oxo x «ox ** *oxnox i h-
xcMfiWCMtn Xc 3f-»XCMC^> • D^XcMC** Of-^rsjfO fsim z
«-» »-v. »>v—< • • OO « »V.o OO • *** •«» •** N »VUn
—h- *»h- -J II H _»«-"»- II II -J«-K I «•» II «-»-0£«-'h- Ci-Z




































OO OO OO X
D 3 o
•> < < <
»- O O UJ








•> UJ — <
»- o »- CO
z z z
o UJ UJ
•t o XX • »-
z »-w o z a:
CM •-« UJ a
OO - X. u.
CO < o
=> x UJ UJ •






z M X zx
»•« »- <c





o m w* <*> «^ in
CD i—
•
CD CM •-• i-»
r4 o —< O o o
CM CM <M CMUU
112
rMoi>i-ir>vOf^-ajOv o^<r'rO'4if\>or^coac <-i(MrriNi-»rv\Or^-oD^, c»r-tr\i rc«i Ln«Df~cooN o.-<r\j<,Ti>i ir^r-coo^






























Z LU •-• *J
X t/5 K —C O 3 »^^
c — ^-;
or CO <\)^




< <x r\i »
LL j: a. KJ—
QL UJ •-«
2 1- < fr^»




X O O r-t—'
o o —




OO z ac — .-»
r a LU «\i—
• • K LU 00 *-**-!
t a - X — K.
























^ — — O
— — C\J o «-•
— Z X fsi t/1
.-I ——
-
— O — »- — H3 —#Ct—>—
— >»^*—» >v —> CO *v CD -V Xt/5 ^OC?^|—ZZ »*s-Z •> •-• "9 -•«* » —» —irj •> 3»C mvico »a
wwm^wfn »- j"ro *£ 3to to—>>ro«~OcoO
x»-« «*f\j • o < o3 • — co • *—< • •— •«/>
(sjo—'^O V- ini »—too CO -too —QCNJO i too
4- ^— «—
I
ft tSj I—I — •—I r-4 fiH
—
.LLZ— LL O O— LL 4- O— LL OT«—LLO—LL
— *G —'f»- C C-00 CO *-"VO >*-« *
Z«->« »» <>-4 » i-H i-i » (\J H • <—O00 »<I(\j •</>
^«<—OX^^OX — X —OXo X —OX *>v tOXNOX*
xcsjm—'tNjm ic Di-iXrsim • D-*Xf\im o»-*cvjro rvjm
| «- »^ »\^( • • to • »^o ^ • •**> ••— »^» •• *^-0
«-«_J II >0*- M >0-»4-LUO *LU>0*» LU>0»'f-n-4 «0-' >0—k:
00 tO< - «^t- —K Jll M -J*'*- II II jw|-| w ||«»K[t-t-
»- Z>f~iZ—.LU<—LU<Z • »-l -J •li-K i-t SL *LU<K LU<OLU< II
3 LUi- ZhX?l-X Z^4 .-i "5»-X(M f\i ^KlZHOI-rWKl
q. xr> m ii «— *-oc«-'«->oc ii «-x it x n -~»-«c<:x h x n *—*cc ii >•—otOt—ocK
Z *-C ^QCCcMOfO LL3 3 LLOfOi; 3 LL Of OOTU< Ct 0»-«or OcO
»— OLL,ZX'vHU-^XLLZ'-iV)",3t') -J»-iIU.f)St«/)Jt<-«XLL»—»SI^3LLt0iU.>^
OOUOOOOOOOOOO
sO r>- O co —i o O r-t
—1 »-« CO r-4 co rH CM CO
r^. o «—
<
O ^-4 O O o
rvi f\i f\J CM «AJ f\JOO oo OLJ OO KJi^> oo
113
































































or Q. zUD o LU
—z t- h- u
• IKJO- V
—» » *J • »
ox — X X
OOD r\j— co ao
o~« CO •-«»-: •—
t
^^ •^o^ ^V *> »>v V
*"KH —h«t-H2
LU< «LLLU< •< •ac
*~X UM-KX inX if\3
i-h Ct LL i-i •-. CC LL QC LL t- O

























CD ujy t3 Xtx LU
to 3LU

















z -J CO UJ
of t- IS)





»- o K •• c
cc -3 s
KJ z »-o C\j X




- »- xz 3 LU




ac Of LOO. e 1
Q. o
LL to —I X




•— f-Dt LL *J
K-
-J






































r*i >*- it >o r»- oc a o •-« r\j rr\ -4- in -x> f- a>oo •-< »vjm >* in *o Is- ao o*o •-«* in >o f- oo
ir>uAU^inir'inu\>c>o^>c>o»n<)^NO>or^^h-h-h-^r*h-f,
--^<XJOc fr, ajooaDoo






























a. coO • Lt
LU ao LU -
O oo O z
Qt *j-Xuj a c
c O-l-O
ujuu<y 5 o
X CTU. CO o
K a: a K
— o_io >-
jX s <ico O (X
o a. LUO 0"-»LU z K-
LU UJQCX •-* Z2 —ILUk- o
a: »-X x o
— UJ -OS O o
- o (-ZO QC
* 2 z a LL -J
o LU>-LL <
m o as CO z
X • a. • • X (X
z h~ »Uj • »- LU
w c ZLL'O < a. K-
>» •—
1
Luoca: o LU Z
a. 1- XcoO z o 1—
*
UJ <. CO o





u. co—ia x mm
















































I ^ Q.LUI-1-5X tfiH>00
Z H mj»wOj ro'vrOf-^OK II •XXKLU »v. >-
co « li ll DZ-fx'l-Z
Z II CN M CsJ«- >-«LU<LU<CL





oc-r-ev^ coscr-coo^o—'f^m^ir. ^>r^oco*c .•-.c\jm>*, m>Oh-coo»_>«-*(\imv*ui>Of* aJcrOHMM^inoh-
a &o ocro crOO-OcC'OOOoC c-oo^t^t^t^^t-i^^^^njogc^fvfvifvjrdcvjtvfvmmmmmmmm








































x»- <!•— UJ •
ooarvJCV-T
-«0 •»->-•
_j »zm - ->
<"v U.XXI •
mV» ••COCO^-
ef * • » «-4f—i<T •
UJ- <\J •• »cc
</)••• 1 V.*v- •
UJUA >^ » »
LUUU- » tAlX •
I<I » MMQ




UJ»—'» «K •v. •
Kef •» )- r\j-
<r»-r\j ».o«— k- •
OUj»—' » +•* »X
•X » •OC- C5
c\j>>|- K V. •
IDX-C •UJ- - c
»—»—»— X •> -z
<< • >-r\lr»-
OCO- X*-~.J
» • •- » •<
«-4LL <tot-—>
UJO • • co«o*oo:
- --UJ
<Z • • U. • M/)DO o- -
»*-• • • • •*-
o»- UJ co
z«-« • • y • •-
Oco •—< —JO • •t- • »x
>1 en
» • •O • •—*
ou Z •»
































_ia • «lu •MOGOOOO •< -
o t— »—»—»-- *— •— »— of • »«r •
< <o c2000000JO • •- •OOOOCsOOxuj Uj »O «ox •
——.-.-.__. Dc
_«_i<\j_<r\j_»rsi< •• •*-•-• •C • • • • • »_ix •—i -
<oooooo o »ov •3 LULU LULU LULU— —4 Z V.
a • • • • • •f^.^ujO'v •
.-»«-4rjr\jf\jr\j »vOJ *•
qi:cooooo<o«3» - •LU<««1<<'—l-K •-CI3DDD33UJ<-'XW •
ujoooooohihax
Z LL LL LL LL LL LL QC~O «J »
•• uj o-
h-UJj" •X sTct
X>- »C/t— UJ •
a arrvj- »- x
_j »Ztf>X »>-
<t>^ U.COXX •
(V » •» »>-««' •
UJ* fM ^ »CD
CO»« I 'V»Vk » •
»Lutr. » « »
UJOU-" - (VJX •
i—iqC" muj »—< •
-- i-«0- »
I *<fw. •
roo root » *v
LU^«" -£t~ »v. •
h-a - rsj»
OLU'-'- •— »5
••X » »OC- CD
(\J>>t H-V. •
UJT»0 »UJ» • O
Kt-1- X - -Z
<l< • «>-(\jf^
r-JQCO- X«-i>-'_J
»-4 » • »H- » »-^
OlHO • •cd«o«oqc
h-K t-t-ai
<Z • »U- » </)
ooo o-
-
o »•—• • • •
(J2t— LU
— Z*-" • »x •
1-40CO <—
•—JO • «K •
cr>a
UJ » • *Ci •
• IS)U z
r\jZ»-< • «^ •
"v oox
• <_ia_ • «lu •
O *< -
cy o»-oi • •< •
uj »<o o
CO QJO • •• •
T ZXUJ UJ -
r? < »o »ox •
Z •>-- Do
-J>^ «_IX •-• ••
<\o o «o^ •
MVUJ«»H Z*v
as »(dviuOs •




























































Q. <VJO- X. »- CC<
< r- *- •-< oc< «-«uj
QCKU.OCC-J *
03







OHHHHHH^HHHHrtHHHHCOC OOOClOC OOOC OO00~*«-<
o- » IX. c -
U X • - Li. 5 •
7 cr: X < J" a:
*-u.. • xt- -O i—>LU •
•-X a X> rv» ^1
• - • ~Cj • •> - K •
»>-
_J »t/>tf>X •>>XX • <*- U.CDXI .
cct- ^-"»v» ».-IC0»—
-«< • OC - -• » '-'< •
KO UU» f\i s cc
X- • 00.. • 1 "V x. •
» » »LUlT\ » — »
rox • OJUli. • • "vJX •
—O x< » •• —O
•*—« • «a:- muj •>.—• •
m * t-K «o • »
^v. • * 1 -c "v«v •
• "V mo ma • V.
V. • UJH> «c>- v. •
IN- i-CC - h- r\i»
«»- • <k-f\l O -«h- •
»Z Ouji-i • •— •X
. o ** » •a - O
"V • f\l>4- H- v •
- - c LUXsO • UJ - - a
• »z »-»-»- X • »z
<\ir^ << • • >-rsir-
mi—_j r^QCC- X «•— _j r-t
-< «-H » • •K » »< —t
«©f>-*-
-«U- <>or^~
sC>ca OujC • •cc>o>oa: c
»-k-UJ K>- i— k-UJ k-
»
-KTt <Z • •a. » »-oo
m m ooo o » • a
• •*- o — • • • •»- o
ca o»- UJ cc
• •• —z~ • •X • •» -»
» ^Ot/> •-< » (N
• *x •—JO • •- • *x •
00 o>a 00 o
• ••-• UJ » • •o • •-* UJ
•* •ou z fr •
• •>. rsJZ~ • •< • »v. fM
«v QOX X. O
• • •> <ja • •UJ • • » <
• O *< »— « r>
• .or Oi-a • • <T • «ar o
U.' •<o Q UJ •
• «CD OJO • •• • »cr c
X Zxuj ll; •> X z
• • => < »o •DX • «o <
Z •»-- DO z •
• • *-<NI< •• «h-~* • • '-fVJJS iJX »— » —iX. •
• •<x.o-*c •Ox • •<*vO
^-•^LLiO'^ Zx -V.UJ
• •ct*"^ trtViuOs • »0f>v •
HI »~-« »XO_J * UJ »^-«
• »oocc0-0— — m m • •ooaoo
-<'-'->- •4-
-<z
• •! »3UJ<«— X</> • «x •Dot
0-fVlOH-X»-0DUJ Q-rvjOD
• •^t*—»«-<QC^ -•3 • •<h-~.*-Q
Qf»-U.0fC—l •> 0CI-U.UJZ




























_)K C e z z z
<cr c> »- to-
1
to- <i. MM
o« >- • • c »- 1/
V _J *-c _IZ > a i^
> » 37 << <« «- •c -Jto- Xor a LL X
LUto- <- oc a. c X tA- o
-JO t- U O < LL - X
«rc *-o or 1 tr «T •• z >-
o»~ i/~_J »-Q X K or LU NH
c » -a t^> LL c a. C ^*»
*X z <e or l^) <i o
LLC or uiz O t- — 1
it r» wc _jto- LL a IC • ir. LU V^ LU
lux LL < to-LL
_j Ct aJi LU > — •¥ C-JLU
_Jto- z X k _) CO ^ <raa. o to- — Luzca
K • to- z KC ^«i <3 C XOL I < c un co aoz>-
to-LL *- «j r LJ z a Cto-a' o U) V CO<JZ <3 >—
>- c X a. z 2 <1 <i hC u cd:<«-m
«— •—• c t- •C QZ C tt K -J LU o a -jOto-a ^




•••• CODh X o UO t^OK
_J*- at c U'LL C) </) «/ a _)ZC h- ~ c •
u » X ir LL K O zc z LUa i/'O. _J Ui <4«K<1<ILLjCj
er v ia »r - X uc u ><T •- I za t-U'
«i <r <T 0T ru ra z or x—o t • z XXXXXHK
_i> c r-l c —j to- to- Xin l-K •- K to- (-Khkh-CUu 2 a a \- cz c CJLLi J(-K C c to— to— to— to— to-J LU
LLC •— a c *3 c ZXC _i -J -1 333330 z
O C - z CO u z • X uc CZ-JX a z
>-z »-
—* a a 1 cr C •K • CO a z ui.-CCDGCLT
»- • O -5 C t~Z uo I/. • KLL LU LlCLULULULULUZO
+-X —I a Z r^to. LULL: LUZ OTLL cou z c ZZKKK K Kto-
•*« a O LL< >-x3 *~a K<I LL'X -I hC -MhKKKhUJh
>u a (XX Z «i <iC <id o:k U-K <i LU -j:JCCODCCCO
ore K tr TO m a zz ZC z C-t-t- a. ic-j_j_j_j_j Z
xc z to- "~ K OC ^— to-c ""* u iCC > \~ o o.a a.a.a u
oz •-• > Z* zz ot- Cor z • Z0lLU_J »- IC OT.LU'
c » c u Of to-<ju ac OT.O- X C ZQ c tr«Ai/icot/;< aCK a o- LL <3 c > cz c ll a. ha u ^-LU»->-K»-K «1
Z I a> a »q- 1 1 c I« >WLUK X <l>ZZZZZtr>
»c c »o<j fVjX XO >z >-or jah^ h-
>*- 2 C^«CH CO U- o z to- c z»-z<r t-:rccccazK
•** <j a <* ¥ c»- LL<T LL _J «/> CUto-_J »/» »Aoo-ao. o o to-z
x> « Z—iV <• a. c C_J -JX —J c«-
toto— O 3^-<<I«lto- or.<0 «^> <J Co o a.c
t/> to z o UO UlLU vt- ><_> or<< C»- <V'f^ a c to-ifv.fr^-ir o.
- a. N— • •-•—u ff _J •c O. <f »-u h- z
a x 3 a a:orc»- 5 C a Z OTLL z z a uZx « •ujCOlo 1 r»-c a aX cz o XI
X*- a -^U-LL_J< 1 2<0 <Z <»- vc: o 31-
Z c I
2 LU tn
«i > a *~ >









LU < Z >- ~ z c >-
z _i a llX c *T c K
to- < CLuh-O-LL a z X > z to-
K Of C»- «/>»-»- <j3 LL Bore • • • • •























































| u c C u a • u «-C u
cr o <j u. »- X <J w* Li X •— • U.
<i_jf- (/~»-ujcc C —• > - »a K <_;
Z Z a IC -a CI c«- X> X x
•51/ ill «l •—U-KIX Uj Q h • uf • o »~ O U U- c LU
a I J uc <i kn i-u u X<i I < •— < ll' cr
v-lukz jwor z zk.' > uo a. ara of. - a:
>~h- X ULLiO-OrO »~C •— •«-• ZU- <r CC •> >- O O —
I
uc xzouc ck cc c»»- «~z or u.«- <r z x • _j
_«X2>- t- — U <y a O CL>- LU«I C U-aw 3 • IL'CO •—
uff<t? _j ra t- xc zu' xr<rcf z k ui s
CT<3 « • -J CU' CK t_?tL ^-CC Z •h-XOC LLC C" »- X
<il « i/h-JU-C Zio ZLL ZZ •• CC »-i/ Jh I; C O C
JCt- it Cv»-I7 »~ »-t^ •— Ik 3 U LL Q. <1»- X ZZ •—ZZ aa3K«- K K UU CO C ZOTLLCCX </"><X •-« of.
•a*-"*! C«— -J «i • < • zco «Z —J *-CCZKX l_> X k o
az^C—i 3u.i/u._i • ch ct- »~ a u ez i-o»~ ujC h ooh
UjCOcc CC«v
_jz _»z h- ot- ar >-CZC< X.J C 31 X
ku. Daiarua ll< u.<i XC co cr»—»—Z > h- •-> • XC «j
- CC UIOJ Lb CJ O Q.Z U- X c> C OOICC o 5W ^- Z
CKLL.K CEKJUlk U •— U_~ < CX U l/)»-at- 2 «— U COLL •-
_jvik Z^*l; >ll >ll at- O C*-arcn>—C ^-x c I •—
acfKK ooox^. or •— «~ ^-«— Coo ZC O Z CU'jTU' *t •—<_) Xoo U-
*-Cu Uj<i»~ <M< KZ HZ 3 ^Z l_> hk q t-LOl XZH<JZ
CU.-JLO K l/.K^X »~C t—C LLS 0<* CXXa>-u »-x V-*~ C
Z O yC i/"1 O co_ «^«- C Of U JChCJ>- x c
*-lu <iujhxz Co ct^ o «f » uj c:>-'*-'kj'Zkj <fuj >- «<i > •
nit- • aooJCC o. a xz lu «a la~x Clu ii »x u>lu (fn
CKl^t*- <JX<3»-LL LL LL C<1 C >LLCL>Kt^.CLLCX GQZ IC-JlLlAt- ooa «/ O K »-•-< •— •XLltO LL^- I I<1
U ~— OC J77 <r <T^ »- » LL 5 • - KKt^ U to XLU (JU OCT
Of lUC IQLL'hU< C C CX LU»~ K LlOTUJ CLO CZ <_> Zfl" ZC
<j a o- ctujX*— 2 3 — •-« <—»— ccO —J u. oocu- «i cc Zto — -<UU Q »-»-•—Z TU TLL •-• C tr« LL LL • LLU •— <T _J U
in^-I>- U CX U O JI XUj LL LLQ-LLLL. »K C> Z-J LUX
t-u.t-(/< >u-Cu_ 2 Lu zu. C^- Ou LL C ICKLUj CC ZC +—— 5:K
Z«- <x -JCCZX -J ^-Z •—Z or cro C x <ill/co JC ^-< 3 C
^-K I _J LL- Ot- •_! ^C • ^C • UC LLX C^-C^CtLL UJ X Z
CZ*- 5_J Z«l (/) 1L U) U.I UJ Ul tr LL. UJttCLL UJ • XCt O. C <^0
a.u_«-u_ k_i » c >~T-) K-X—) kuj - *- I-CK02C Xuj a <xor
Cjtl ^< «>-it •—>-<l »-K« U O U-K X rZXCC >-
>
o U OCU' »c
u •- K • lljTuu»-Z Z^-c> Z«—o cox coc « Q*-Q.a^"U-. C ace C^ , u.
^« o co c _iZ«i«i X3co r jw" u-cu' u-z i rcra. •« coar c co
au-la co»-^-u-j •- •" u. u. x czcacox u< _j u. cc
u-'o»-u- >-c«-_j»-cr u,c uc c»- rt- occ<i^-<i z u-_j c • >-e
•K X»~H- <J.aK u u _jk u _»- C- co u. a. •— C»- Z 5*luoojto aC c*~c -jcdx _jccX coz cor; o co s:x jt klu -»-•
z«iC «r orJT7KK <r<< «^«j<r ^. ^-5" cut— «v e< X XU' u aCaaaa <: CCZ o^- u*-" xk x u a UjU he OK c^lu
<D-X<» x<uu> cara u q or <jco <ic C a - C Ce »^U- aIIUJCI Z^-ttU-iOu. I <C I <0 I |Z O C IbO ^«^ UJ^- U-X
>j^otu.o <u)Ctrfc-i/ x>u- >>u. xx >-< x lj CX 3»^ la ^-o
U X
-J LL K X <l
< -J X« >UXC
o < a c llj lu c C —
co c> i: •- o o «-!••-. excoxaC C3XOLL.>»-.>X X •- •- *~


























































»- K >-0 2 3^2
























































































































































z a o o




— h- i- o
o<m 3 r> >—
1
t-»
<\» II -»Q- Q. o c o
—c -z—z •— UJKZ D*-*— —1 o
z;uu a. < c o
a z—o— CO UJ u
z •—.«—^^c\jf-« z a. o
^-^—o o > > t/i h-
0<«/>0 *0 1/1 - uZOOZNXH UJ
0^*cj< *•-• » -J •^
~. •— ccsO-'f--* < CO
(/-)U-\>-*-~*-
w
z -j oZ—< LU<LUO ae o i/)
UJQIUhlKkQ. UJ cc z
x<a;_j— a.^- co h- X < o
•-LUC^QCCQf 0>-Z X > cc c











-co — *-••-• u>o
pn«-i fv w«»- «-<z
.-< • in^m>t* fi oo><- irv +z>—
w^- t-< »»* •• »ITi-hU- • » •—ICO^
K %*»-« *^ •Oro«-« OOr^rsj wet-'
Z *^» # f-«<vj ^ #,-i,-<«-i »c<rt-<
uj m w^< —« _j
UJO QC Oh- <J O K>-0 U
-act? noaa»-ziu a. a.z Cctuz Z





































-j —k - >-
on ec rouou-<
•-4 < i-ii-iU-O uu "
t- *,(J» i~ o ----»..-•-•» »•••••••• o» •
<\ILU *C C >*
— -*-. -naXZ-U ^ o *
tv—CO fo » ••-O US V O •
_<*-, » ^r\iaj— »Z »* *^ tu •
k a —«/i»-i * m w.-4—<o •'Himzoo. u 'I «*
• u. »•— »-t HU.OTWK -$- »+~ r-ial'—— •*-3 O
iTt—^-cvJ * *«r »eo »»tc- *<4" —Oo>~ •• ^
_JU.«-'UJ—«Cfrl*-<* »-*'f> * *0 f^l»-<UJ<\Jh- ••LU ••»••••••••••••»•••••••»•
t- O — O at--' a^JJJJJJJJJJJJ-iJJJJJ-IJJ-JJJ
Z ID a. Q.Z O K D3UUUUUUUOUUUUUUUUUUOUUUUOU
LLJX> C-JC 1— - «/>-- <K-ODK<aZ<a^^H-K a.LU IUJ>UJ<OUJOOUUOUOUUUUOL)UUUOOUUUOUUUC-WiOjocDDDOWiOjhtfjjtfrwjjofOQDDQCOOOCOQCOCQQOOODOQOO
CD
+






















OOOO OO O O OOOOJOCOOOOOOOOUOOUHOCOOQ
oooo oo o o >i-<*>*Nj'4->i''i->*«t>*>*>t^""d"-4'>o*»'^fri/>>o>*»o>*>a-r-
o&oo oo o o ooooooooooooooooooccoooooo
4- «t <fr «* >t >* >t -4- •«* ** >» «4 -4- >* 4- <$ -* >* inO -4 >*o 4- «*
oqhu. oo u. o tuooooooooooccoooecoooooou-'Oo
ouw^ old u. u. u. «*>*>* ^>*>r>*N* >*^ >*>*>* >* <<>*• it >*>*>* >*^«t 4- >*
OO«0U COoo CM *-i f^OOOOOOOOOOOOOOOOOOOUJOOOCO
i/MTMnc Lor> r> >* o»t>t>t>t^->*--4-»t»tvt>t-4->t'>t>^«4'»t^>ttf\>t>t«t>t'>t
in < ldoo >t>too-4"X ujcvj <c < ujoir»<LL>*CMJLJmaDO«Njh-oom<u.<CMijr^coOfMr«.
o o o<-"-t «-»f-nri>o«o<o >cr~ f* r- r-aoocaooDOs a^cr<<<ccocccoooooooujujuju.u.
o o ooo oooooo oo o o ooooooocoooooooooooooooooo
o o ooo oooooo oo o o oooooocooooooooooooooooooo
o o ooo oooooo oc o o ooooooooooooooooooooooooooO O OOO OOOOOO OO O O U&UJOOOOUOUOQOOOCOUGOOObOU
LL, o o
IT o ir\O o o
—* o •»
u
cr o o o
o LU u o
CO o CD un




CJl —O I •£)
occ1 sea > tr»
<u_ ->c x 40s




oc o*o «* <n< rn >$• i/\ <o h- od so «-• <n ro -4" ir> »c r- oc&o •-• *>i t**4 ir>
'OOh-r~-r--r-h-r*-h-r«-h-h-oooDODQDooooaoooooooo>os O> HOsOv
oooooooooooo >tcrof^coo«Njr>-o^^o4 >* «*• «fr >r >» «<4 44 4 >*• uu<too>rujuj<tu.u.4'OOOOOOOOOOOOOOrnoDOfMf-OOOOOlTiOO
>t <fr >*^ *»*^ >*>*>* >4- 't^'*ou >»oo >» -t uu >* u_ UL «4- «*tCOOOOOOOOOOOOONSOH^JOOlflOO^C'O
r- >» sr44 >*• -4-4 <4- «t4 4- 4- >*oo 4-oo4 4-uj >t4 u, u. »*OOOOOOOOOOOOOOHCOOinoO^O'OWeoo
>t >* >t >r >t >t ^- >t^ >» >t >* >f >*•ou^^o >t >t uj uj• u. u. «<UOOOOOOOOOOOOOOl^OOvJ'ff'OmoOONNO
^4-t*<t«t'T*'*<t-t>t4'*«tU<t>tDO<tUJai^ULU.<t
oom< u. »* cmu f\ odo rvi h-oo »^< u, 4" s ujm ooo <vih-o

































Q. 3 < xuj
luq OCh- IZI* Ot/> KK
*-- OD <





»- o xe> t UJ
-»c »-o IOWOO ec c
i—iUJ oa UJ
IUJ z UJOIUI •-co la




ct u_ Zuo CO
O.X MM z— ..
<h-
-o CXQCO0C< advo KM UJ
zox UJf^ OOCOK
-ca > • OLH-U-Qoco ZXh UJQC<
UJQ-U. OCO< >UJ
1 u o~x Zen
1 UJZK ae ozx
1 QCUJU UjUJO o~<
O.KUJ QtXU. ae
UJ \-~CC o»- ZqCO
t- UJ— QC U. B ujujO












































3. LT Eric F. Grosfils, USN 2
P.O. Box 502
Brewster, Mass. 02631
4. Prof. N. E. J. Boston 10
Oceanography Department (Code 58)
Naval Postgraduate School
Monterey, Calif. 93940
5. Naval Weather Service Command 1
Washington Navy Yard
Washington, D. C. 20390
6. Officer in Charge 1
Naval Weather Service Environmental Detachment
FPO New York 09597
7. Commanding Officer 2
Fleet Numerical Weather Central
Naval Postgraduate School
Monterey, Calif. 93940
8. AFCRL - Research Library 1
L. G. Hanscom Field
Attn: Nancy Davis/Stop 29
Bedford, Mass. 01730
9. Commanding Officer & Director 1
Navy Electronics Laboratory
Attn: Code 2230
San Diego, Calif. 92152
10. Director, Naval Research Laboratory 1
Attn: Tech. Services Info. Officer
Washington, D. C. 20390
11. Office of Naval Research 1
Department of the Navy
Washington, D. C. 20360
127
No. Copies
12. Department of Oceanography (Code 58) 3
Naval Postgraduate School
Monterey, Calif. 93940
13. Department of Meteorology (Code 51) 1
Naval Postgraduate School
Monterey, Calif. 93940
14. Oceanographer of the Navy 1
The Madison Building
732 N. Washington Street
Alexandria, Virginia 22314
15. Naval Oceanographic Office 1
Attn: Library
Washington, D. C. 20390
16. National Oceanographic Data Center 1
Washington, D. C. 20390
17. Director, Maury Center for Ocean Sciences 1
Naval Research Laboratory
Washington, D. C. 20390
18. Office of Naval Research 1
Attn: Special Projects (Code 418)
Department of the Navy
Washington, D. C. 20360
19. Office of Naval Research 1
Attn: Undersea Warfare (Code 466)
Department of the Navy
Washington, D. C. 20360
20. Office of Naval Research 1
Attn: Geophysics Branch (Code 416)
Department of the Navy
Washington, D. C. 20360
128
Uric lassi f ied
St'iimtv Classification
DOCUMENT CONTROL DATA -R&D
rm
.
l.i\Mln.nmii ,W tills. >m,/i- ..I ,ii"ir,ii i .m, 1 iihIi'vih,- » l n.iMfi,.n i-iz-.f />o ond-rrf/ alur. tin- hvmII report is classified)








Objective Digital Analysis of Bathythermograph Traces
4 ?escbif'uE NOTESf TYpe o I report .tnd, inclusive dittos)
Thesis, December 1968




7a. TOTAL NO OF PAGES
128
7b. NO. OF RE FS
16
CONTRACT OR G^ANT NO
b. PROJ EC t no
9a. ORIGINATOR'S REPORT NUMBER(S)
NA NA




Distribution of this document is unlimited.




There is a need for a fast method of analyzing bathythermograph traces
and this need is approached by the means of a high-speed digital computer.
The theory behind the computer program is outlined. Both synthetic and real
data cases are run as examples using both data card decks and magnetic tape
inputs. The program has been designed to read digitized bathythermograph
traces and then analyze them objectively by Gaussian and non-Gaussian methods
for the top, center, and base of the main thermocline. Additionally, such
features as multiple thermoclines, inversions, and thermal transients are
identified also and their key points are included in the informational data
printout
.
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